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The matcClalslor this have in the main already appeared 

in The Aerial Age, but the whole work has been sup;ple- 

meuted and rearranged to make a homogeneous whole. 
•< ’ 
Although originally intended for the use of the aircrcft 

industry, the subject-matter is so eompletu as to be of greet 

value to all branches of industry intereatc(i in woodwork. 

The present developments in joinery, cabinet-makihg, coach- 

building, and allied trades can be readily traced to the valuable 

esperience rraulting from ^aircraft war work; but untu the 

publication of this volume no seforcnce wprk"on this subject 

Ji 

existed for the future guic^ance, of those trades or the aero¬ 
nautic industry. Th^ whole fiejd of the manufae,tuTe, uses, 

J 

and pk’cpe^ies of ntywood has been covered, and in the 
section of glu%s many war (lovelopments have been recorded 
0 for the first tiniH. 
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THE MANCJFAOTU^E AND USE ‘OF 
PLYWOOD AND (JLUE 


THE MANUFACTUKE OF VENElTll AN1» 
PLYWOOD 

The development, during the past year, of plywood in its 
application to aeropianc construction hos bcei* greater than 
that of any other material Pnivious to 1!)18 plywood had 
been used more or less succossfully in fuselage %ork, an^ in a 
somewhatvrude way iffsrib^jonstruetion. At fliat time but 
little definite information wat available legarding*its proper¬ 
ties, design, or the method of applying it. Since thei^a gn-at 
deal of experimentation has been sa'ried on ^by« several of 
tlje leading manufacturers of plywood aiid by the TJ.S. 
Government, both^at Mcgook I’MlT, Dayton, Ohio, and at 
the Forest Products Laboratory, Madison, Wi% As a nftult of 
their work Q® ef^ciency of this materia, especially in fuselage 
and rib constmctidh, ha« increased more than I OOper cent., and 
sArgral new applicatf^ns for it h#,ve* been developed. Aie pjj>- 
ceyns used fh^the nfanufacture of veneer and plywood arc 
therefore of unasual interest to the aircraftdesigner and builder. 

In the veneer indu|^ there are two dwtinct manufacturing 
operaijons-^l^utting of the log^into thirs sheets, known as 
*ven^,«ilfl!t^he building uy of this vqpeer, into plywood. 

larger plants, as a rule, carry on both these operations 
,%imultaneoa8l}, bill) a^ the present time there axg manjr 
faotoilee devoted wholly & the Sitting of veneer, Vhae othere 
jpeolalue in the manufacture of plyweod. Woods which are 
most need for venwr are bii%, poplar, basswood, *8pruce, 
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Spanish, cedar, maple; mahogany, walnut, gum, ash, and oak. 
tVr aeroplane work different species are often used jn combina¬ 
tion in plywood, depending on the properties %hat are ^orired. 

As the iogs ere unloaded at the vendor mill they are separaM 
aitcordfng to ^htiir variety. Althongh it may often I* fin- 
]) 0 S 8 ibIe to cut up the logs immediately, an important principle 
in regard to their storage is that the sooner a log is made into 
veneer after being taken from the living tree thd better will 
bo the, results. Season cheeks and cracks have less oppor¬ 
tunity to develop. Decay, p^icularly in tne heartwjjod 
and along the season cherks, is largely prevented, and there- 
' fore much waste in sawing off the ends of the logs is eliminate. 
But especially for ease in cutting the vonwr in the slicer and 
rotary cutter is it desirable to have the logs fresh and full of 
sap. This condition is most important in the '‘age of gums, 
‘maples, birdhes, and woods with mveet sap. 

Methods of (!st^g 

The throe general processes by whicli veneer is produced 
* from thu log are rotary cutting, slicing, and sawing. Of these 
methods the iiiost import^mt is rotary catting, in which the 
log is placed in a Ipgo latho and the veneer out tangentially, 
in a continuous dieot. Auo^t 70, per cent, of all veneer, 
includihg all thc^ cheaper'gradcs, is cut in this marmer. The 
' finer woods like walnuh., maple, anfi mahogany' are usually 
quarter cut, that the tall beauty of tb»ir>grair>'may be obtained. 
In^his dase slicing or sawing rpust be re8qr.,ted to. Howeyfiy 
some logs of gum and poplar give bastSrd (tangential) fiuts 
of very striking»figurc. Whore quarter-cut veneer thirmer 
than -.,V iSch is dcsir^ it must bo cut^y a ediceis Small 
logs of the more expensive foods, that would be quarto cut 
if prosrable, must be potary cut in order to gef n^^irar^ioh 
are of any vahio.* 

The pSjiparation of the logs varies Vitfi.the process used'. 
*j?r slicing find ro&ty ciittir^ stet&nrng is require^ ^ile 
for veneer sawing and alicing it is necessary to saw tho 
longitudinally into a number ollwq^-Aaped pieces. 
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Rotary catting 

Witfi all woods which contain frost, or which are dry,* 
staaming is necessary, asit is with the harder woflds, tut unless 
the thickness of the vencei* exceeds about *'« inch nufct soft 
species that arc fairly fresh mtfy be rotary cut without pndim- 
inary steaming. fA description of steaming bins anj/ the 
routine followed in the process will bt! given later in connection 
with sheer cuttfcig.) As tlie lugs come* from the ste«m bins 
thsy are barlfed, and any iiyegularities on the surface, such 
as projecting swellings or overgrown limb stumps, arg trimmed ^ 
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off* They ^Iro then cut to the desired lengthen a largo cross¬ 
cut saw and the ends squared. The centm of each end is 
carefully tocated agil then the log is jjjeked up by a derrick, 
swung into^fjtion, an^ centred ^ the rotftry cutter, as shown 
injigj^ 

cutter of this type is in efiect a huge wobd^umipg lathe, 
with a lon^ltatiqiMi^’knife fixed in pomtion behinil the Iqg..^ 
its cy tMpg edge at the sam^olevation as the axis ofth^ chuck 
and spindle. Fig. 2 shows clearly tke relative arra^ments 
fA the parts. The ^lipd^ jnto which the chuck fito is tbreade^ 
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‘for part of its length,*^ that when turned by a certain trafn 
tA gears it advances and drives the spurs into the onds of the 
4og, which 'must be veiy firmly gripped. Siightly forward 
of and attbve the main bliulc will be noticed several sm^I^ 
adju8tM>b knives in planes at right angbs to the longJLnife. 
These are tor the purpose of eJlting the shix't of veneer into 
whatever lengths are reqninsl. The jioinis of these knives 
met>t the log just before, it itwhes the horizonta? knife and 
cut shallow, narrow grooves anmnd its circumference. The 
size of chuck used depends partly on the diameier of the log 
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and partly on the amount of decay in thieheartwood. Tjje 
spurs must obtain a hold in sound wood. Since the smallpst 
chuck is 6 inchesrin diameter, at least fiS inches of log must 
neocssarily^be wasted.,^ But, owing to thg unsounduflss that 
is usual in heartwobd, this if but a slight disdhjMtage. In 
fact, it might be mentioned in passipg that one of the'im^r^nt 
advantages of roWy cutting over slicinj^or sawing is the 
aroall influence that centre decay has in tjje valhe of a log. 

to' ' j 4? % • ^ % 

For in (he'Iattnr processes the log must be sawn into jssetors, 
and seriops decay at th# centre very materially reduces the 
lyidth of thc^sheet that can bo 
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The dieet of '^neer oomea out at back of the machine, 
throng a dot just below tile edge of Iho long cutting knif#> 
as shoavn in 3. The rate at-which the veneer is cut varies 
as the diameter of thc^log because the rotary spgi'd of th^ 
cutljg^ though slightly lessened when the^ load is excessive, 
is approximately constant al^about 28 r.p.mf, giving to the 
log a peripheral velocity depending on its size. 

Veneer i^izes .—The maximum length to which vemiftf may 
be cut is limited by the size of the knife. The greatest length 
in use at th^ pnttent time is 16 feet: however the Majority 



,of knives are les^han 8 feet 6 inches. With a loi^ log the 
pressure oi the knife acting on a huge unsupported length 
tends to caifse the log to chatter near its1;entre. For this 
reason greater wa^age occurs owing to the impessibility o 
cutting the lag to a snfhU diamt^ter. The; sheet of veneer may 
h6»dIy^to<Ji^desired width if care is used to avoid breaking 
it^ handling. Widths of 20 to 30 f(«t s&oiild be obtained 
without difficult^f *0111688 the veneer is very thinf In the 
prec^l^g* descriptioti'the tbrm “lef^th” tefers to tha 
dimension parallel to the ftirection the grain, and fhe term 
“width” to that nerDendicutar to this direction. iiVith soft 
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_ woods, thoroughly st^^od, veneers up to ^ &oh thick may be 

rbtainod, though a bftter masdKum is inch. In the case 

broak, mahogany, or maple not more than a j-indh thjpkness 

"can be expected. On the other hand, these harder woods, 

with a tough 'fibre and fine grain, can be cut to a minm^ 

thickness of ,'f inch, while for^ poplar and gum 3I, in?h is a 

minimum value. Minimum thicknesses are limiM chiefly 

by breakage in handling, and during the past year special 

methods have been devised that partly remedy this difficulty. 

The rrew of a rotary cutter consists of five* i^en, including 

one operator and two chippera. '■ The latter catch the venfiei 

,as it falls from thh knife, carry it back from the machine mitjj 

the required width is reached, and then cut it off. It is 
« • 
ncicessary to obtain a given dry width, to allow for.a certain 

shrinkage from the wet width. This increase for gum is 

,1^ inches pqr ^»t, for poplar inches, and for oak 1 inch. 

The other two #ncn of the crew are ncednl for the work of 

steamiAg and jireparing the logs. 


Prepaiation dl Logs for iSawing and Slicing 


Steam&ig.—Ii logs are to bo cut into vernier on a sheer they 
must first be stbamod. ifiis opiiratirm is carried on in large 
bins which, if bdew graa^,»are ^orally of concrete; if 
above ground, of wood wjth walls 6*or 7 inches thick. • The 
rough logs are lowered b^v a derrick ipto these Linp,. on which 
heavy wooden covers are then placed and^ tightly clamped 
down, ^team is now turned on. Most woods, except oak 
an(F mahogany, require stcamihg only oi^r nigl^t-, but wiSh 
the latter 18 hours is usually needed. The sise of the logs 
and the aipount of frost they contain are factors in deter- 


For poplar, gum, and walnut? low-pressure steafa ii.Buffioiqpt, 
while the densef^ hSrder woods' must have steam 'aiBgr 
somewhat greater pressure. If the opq^afiar desijes to accel¬ 
erate the jSroqpsB he way do so by employing'highes pressures. 
Some latitude is permissible in botbathe time anfi the pfesSUre, 
and the operator may exercise Us judgment. In all cases the 
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Irost must be taliou oul, and after that, a few woods, likd* 
walnut, unless fairly diy, ne^^only w'aqping through. 

Sawi^ (he Logs .—The logs are first barked and trimmed, 
and then placed on the carriage of a large band saV, so that 




a Fio.'?.—M kthou of C'umftj Loos. 


th^2^ will pass directly thf ough the centie pf the log at each 
end. The carriage is seen in the fonigrouifi <jf Fig. 4 in its 
relation to tlie edging Saw at the c.'ctreme leit, and tjie veneer 
eaw9 Ih. the bkckground. JFhe sawyer next determines into 
how many, “ cants ” or “ pies,” 0, liFig. 61 it is besf to out 
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'oach half of the log.liia decision beug baA)d on the size an^ 
.location of any dcfofItB that m%y be present on the diameter 
o£ the log, and on the width of the veneer de^ured*. T}ie cants 
arc hold by dogs on the carriage and trimmed to the flitch 
“ F ” by cutting oft the comers “H,” the heart, if defoed^e, 
and cfAC or two 'boards “ E.” Frequently it is necessary to 
saw the entire cant into boards if it appars unsuitable for, 
veiMwr. The boards “ E ” are taken at once to the edging 
saw and trimmed. The waste parts are gcnermly removed 
and used for fuel. 'The flitch “ P ” is nevf ready for either 
th(! veneer saws or the. slicers. ( 

For alj quarteted work the log is so placed that the*cuts qre 
radial. Occasionally, however, as with walnut, gum, or 
popiar, in which there is no special quartered fi^re, flitches 
ore prepared fur bastard sawing or slicing. 

A band-savf crew consists of four men*: the expert sawyer 
and thns) helj^^rs; one of whom runs the edging saw for trim¬ 
ming <<p the Ijpanls. 

Slicer Cttting 

This process is not in such extensive use as either rotary 
cutting or veneer 8awing,'yet it haS|[x>rtain advantages within 
its own field. Tlut chief^of t|icae, perhaps, is that the entile 
flitch can be utilized, whereas in Veneer tawing, in spite of 
th(! thin saw employed, from 30 to^GO per cent.,is wasted in 
saw kerfs. This becomes an important itons when the wood 
is an expensive muliogany, Wly ina|)le, or walnut. Again, 
if quartered veneer less than inch tbj(^ is de,|?ired it nfhst 
bo cut on a slicyr, for that is a minimum thickness for v^eer 
sawing. 

Tn slicer cutting the,wood is sawn into‘Gitoh|s, as tlesciibed 
above, for either quarter of'bastard slices, woods like 
poplar, especially when full of sap, do not require sj&lBing, 
unless t]ie veneer is more than inc^h thick, pther woods, 
^ iq a simikr eonditiop, need no^ be steadied'If less than ^ inch 
thick, ,^ut all wood when full ol tfrost or when dry must he 
steamed^ particularly odk and ,}nahogany 
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. Reference to Fig. 6 will help to make cJoar the construction 

of a slicer. It consists of t’ftio’principaRparts—the stay log,< 
a heavy caJting,with a broad vertical face with grooves fn 
which are mounted adjustable dogs that grip the flitch, and 
this a heavy ribbed casting holding the knife. The 
stay log, with the flitch, is givgn a mtiprocating motion that 
is forward and downward in its positive din-ction while the 
knife is stationary and slightly inclined u))ward with the 
cutting ed^ of the blade up. The knife^is narrow, ordinarily 
not more thai^ll feet long, and rapidly increases in thil'kness 





* FlO. H.—FboST VlKW 0(5 Sl.ICKH. 


from the outtmg cage lo give a firoug and rigid backing to 
thi latter. ^Throu^ a “pressure bar” running parallel'to 
the* knife, and regulated by a hand wheel, ihe thickness of 
the veneer is controlled. This wheel is gr 2 duate<^ along the 
rim, an 3 tun^ paflif an«index. One ciwnplete turn increases 
or ^aereafl«»ti»e thiekness i ineft and fractional turns change 
thtf’tClckness proportionaly. It is iihpossible to cut the 
entile flitoh^into w^^r, as about J inch is required by the 
dogs that grip the fli^cji. Ifd;he latte^is heayy Or of very, 
hard wood this unused width often inereases to 1 or 1 j»inch. 

Vmeer Sizes .—The maidmgm length of flitch that can be 
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‘handled is detormin^ by the length of kirffe in use, which is 
•usually 12 to 14 fee®, rarely A^'much as 18 foot. The softer 
^oods may be cut to a thickness as grea^ as | in{h when 
thoroughly steamed. The ordinary minimum thickness for 
any work i8' ,,V inch, which, by careful adjusting, alignment, 
and sharpenitig of the knife, ^raay bo decreased to 
Of course, only hard, fine-grained woods can be used for very 
thm ' veneer, with the exception of Spanish ^cedar. The 
maximum width is two feet. However, when great widths 
are wAnted the maximum length is dccrerube^ ijpmewhat. 





Fio. 7 .—Vesskii iSaw ajjd FuTciiast 


Threti men compose a slicof crow rthc operator at the wheel 
regulating the pressure bar, and two hg^ers w^o place the 
strips of veneer ^n a table as they fall from the knife. 

^ Veneer Sawiii| 

This process, possibly because of its sirngjiegiy, is^ore 
widely used than idicing for tlse production of qulri^ed 
veneer. , As is illustrated in Fig. 7, the fl^iifh is tenly held by 
npmerous dogs or c|g.mps whigji slide^i^ and dow^ in grooves 
in a hgavy stay log. This stay Jpg, like the usual dhnriage 
of a saw, travels back hnd fojjih, carrying the flitch against 
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ihe saw. This is dboular with its cutting odgu made up of 
leveral segments of thin 8tee^■a()teu^oly Imted to the heavier 
tteel cast;^ v^hicl^ stiffens and supports the cutting segments? 
\ kerf jV io®i* '"^‘ie is made by such a saw and, as in a slieer, at 
eaSf I of an inch of the flitch is required for the dflgs to grip. 

The sheets of veneer as they aje sawn off are jnled in (fl-der, 
md when the flitch is finished the top sheet is marked with the 
lumber of the log for purposes of later identifieiil.ioa, a 
irooodure which is also followed with veneer cut in a slieer. 

' Fcneer Sizes .—Ifto maximum length it is jsjssible t<s cut 
s dependent on the extreme travel of the stay log. W ith some 
jaijs this*is 24 feet, but 14 to 10 feet is the more usiyil limit 
if travel. A minimum thickness is inch, though in 
irdinary practice! inch is betU'r. A maximum width* is 
ibout 18 to 20 inches. Since for quarterixl work the diiymeU r 
if the log must be at least twice the width of the veneer, and 
if the heart is unsound as much as three, tin’n-fijthe width, it 
lan be seen that for veneer^ sawing large and ymsequfntly 
sxpensive Cigs arc used. ■» .* 

Throe saws, with a total ercw of five men—one expert, 
two sawyers, and two helpers—constitute an eflieient nbrking 
unit. Since two men are,, required 'to .qK-rate' a saw most 
affectively, and since it fmquenfJy^lMippeno that one of the 
saws ha# to bo stopped for'Aspairs or sl^arpening, this arrange¬ 
ment makes, it possible to Jteep two saws bnsj continuously, 
with the expert dcj^usionally miming a third. A band-saw 
irew of four men is able* to turn oqt enough flitches tp keep 
such*a unit supplied.' *» 


Drying Veneer 

^Iter the veqger hS.s been cut b^ one tff the three methods 
have hreu outlined it is geiterally green and wet with 
ateanf^ and must be thoroughly dried Before being either 
ptored or maejp intojplyjrood. The drying process is a very 
simple one. tit coilsistf pierelyjin drawing air,^which has 
been dried and heated by peissage over steam pipes, th^jpugh 
the room or rooms in which tb^ veneer is stacked. A tern- 
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. peratore of 100 to 110 degrees Folue^eit is maintained. 
When the air has become neai^ saturated with moisture from 
''the veneer it is sucked out by fans that keep up a continuous 
circulation. A drying period of from 12 to 13 hours is sufficient, 
as a rule, for veneer which docs not exceed yV inch in tl^ckmss, 
and for greater thicknesses a proportionately longer time is 
necessary. 

Slackituj Veneer. —It is most important that the sheets of 
veneer lie so stacked as to insure a ready access of air. The 
methods employed depend largely on ""the size and shape • 
of the stock. .The comparaJvely long and narrow flieets 
from the veneer saws or the slicer are placed in “ tooth racks ” 
which consist of pickets about 30 inches long placed in pairs, 
their lower ends fitted into mortises cut in a piece of scantling 
so that the clear space between them is J inch. The veneer is 
supported every 2 or 3 feet by thes(i pickets. Unless the sheets 
are fairly thick tw'o are placed back to back in these racks, 
and If they .to not more than \2 to (15 inches wi^o they may 
bo stacked odgcf on edge, tw|| or mere deep. Thu air has 
always full access. 

What ig known as the “ proteted end ” method is employed 
when the shRcts are wi3e and shdrt—that is, not more than 
3 feet long. light bo«rd^ with ^rtical grooves cut in them 
every 3 or 4 inches replace the pickets. The distance between 
these parallel boards or holders’s varied ucco.ding to 'the 
length of the veneer sheets, which j,n- slipped into the grooves. 
In this way the ends of the sheets are protected, or prevented 
trom cracking and warping while diyrng. 

For rotary-K-ut veneer—which for the most part is short and 
very wide—a third- method called the “ banging process ” 
is used. Lengths oi from 6 inches to 3 or 4 feat, or even more, 
and widths of any dimendon can be haMod. JFsirs of 
parallel wires, .spaced 15 incheb apart, are strung the 
room about 6 feet above the floor. Each' pair of .wires supports 
a number ,of light-wood cross memibers'that project a little 
belo' - the wires, and near theiC' lower edge' are driveh naib 
which project an inch on each side of the stick. The sheets. 
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tff Teneer are hung from a croi^stick by thjtse nails, which are 
struck through the piece close to its upper edge. When the^, 
width of %he shectf is greater than the distance of the wires 
froiSofhe floor it is folded, .and the otii(>r edge of the idieet is 
supported by the nails on the opposite side of ■the cross-stick. 
Very wide sheets and lengths gretter than 20 inches are .ordin - 
uily suspended from -two or more sets of wires. 

After the vtnecr has bcicn dried it is taken either dins’tly 
to the cutting and gluing rooms to be made into jdywood 
or to the stororAom for future use. Hero it is kept in low 
pilis containing all tho veneer cut from one leg. and marked 
with the log number. Since it may have absorbec) some 
moisture while in the storeroom, veneer, before it can be usyd, 
must first b<i put through a redrying press. Such a press 
consists of a series of heavy, hollow iron platen, sliding up 
and down in an open 8t<'el frame, heated by live summ and 
forced together both by their own weight and by the prespure 
of steam acting on a pistdu’ Giily 5 or 10 mmntes s^e necessary 
to complete the redrying of wneor of the u8ual'’thlckr.tMH. 
Lock of care in this operation may cause a glossing of the 
surface of the veneer that is apt to render gluing diflicult. 

The MBnuf^ture’ of. Plywood 
The first step in the manufacture of plywood is to cut the 
sheets of veneer to gross lengths and widths which are such 
that- an ample allo'R'ance, is mad(u for later trimming to the 
exac^ dimensions specofied in the order to be filled. Uniformity, 
and speed ar6' securecl by the use of double header saws, 
both cross-cut and rip. With sawn or sliced vsneer the shiH'ts 
sto .usually so narr9,jy that two or more must be* spliced 
together. <■ « 

• and Splicing. —To^ ijocure ftqut^ro, ^raight odgeR 

the sheels are put through a jointer. A suificient number 
1b make a thickness o^' 3*incho8 are placed on the bod of this 
';machineaand'are carried over a knife, gripped between a 
Jnries of rolls sind a roughoue'ii, endlessichain. But one'man 
needed Ipi the* operation of‘a •jointer. The veneer now 
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pasHCH to the splioel;, where pijpigh sheets hre joined to give 
I* he required width. The operator takes up two pieces of 
veneer, places them on the smooth bed of the splicer, and, 
pressing the edges together, starts the sheets under a wiler 
whieii forces, thhm still closer. At the same time a %trip of 
gummed paper an inch wide'is moistened and drawn through 
the .roll with the veneer. This serves'to fasten the pieces 
together. It is applied only to the outside Surface of the. 
outer plies of vendiT, because if it werj tsed on the inner 
surfatios of the fdies the panel would not be liaterproof. No 
glue whatever .is applied to the joint, whieh is •perfectly 
flexible. In a panel the inner layers of veneer, for which, 
as tt rule, the softer, cheaper woods ore used,'do not need 
splicing, as they are rotary rut and hence can be of any 
width. Two'iuen are neeessaiy to run a splicer. 

Gluing up —The operation next in order after the 

splicing is that of gluing up the veneer to form a “ panel ” 
or “ plywood.” ,The “ finish ” or p.fitside “ plietf” of panel 
that have just coinf from the ifpli(!cr are not put through the 
gluer. c Only the inner layers or ” cross-bands ” pass through 
this machine, whieh applies the glue to both surfaces of the 
wood. As a ■“ cfoss-bMd ’’^comes from the gluer it is laid 
upon a sheet of finish veneer. WKen the panel is only threts- 
ply another layer of finish is next plociid upon the “ core ’* 
or cross-bands, with its grain at right'angles to the grain of 
the core, and parallel to that of the fftst finish pfy. If, 
however, the panel is to be of fivc-ply conAtruction, a relatively 
thick core or “ centre,” usually of chestnut, gum, or poplar, 
and often of coi.i})aratively poor quality, is laid upon the first 
cross-band; on top,of this comes another croas-band, and 
lastly the outsidd finish pl{’. Veneer used f^^^ss-bMding 
is generally the,cheaper, rotaJy-qut gum or poplmr, and sjjce itf 
can be pbtailicd*in any width, splicing is i^ecessory. Panels, 
of course, may copsist of any number qf plies. SymmetrjP 
requires that the number be odd. Always, the ogrpiin of 
adjacent plies is at right angles. 

^ Pressing^the Paneh .—Thb glue^^apela gre now placed in. 
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piles upon a “ cauU,” a thici;^^ri^id board^ of laminated con- 
straotion. Between each layer of plywood is inserted a thin 
waxed bdhrd. When the pUes are 3J or 4 feet high> another 
cat^s put on the top and the whole then plaecd in an hydraulic 
press. <But instead of resting directly on tlie ))ed of the jiivss 
the lower eaull nists upon sevifral stiaUow l-lsianis plaeiid 
‘crosswise of the bed. The same number of T-beains are 
similarly put 9*1 top of the up])cr eaull. The J-beams project 
beyond the sides pf the pile and heavy turn-bueUle ehunjis 
are attached tojcorfi'sponding ends above and below'. The 
purpose of these clamps is not to aid in applying the load, 
bu11''as the pile eomprossc's or patsks down slightly, air and 
surplus glue being scpic'ezed nut, the slack in the elaiii])B 
is taken up, and then'forc!, when the stack is nutioved from 
the press, it is still u^der great pressure caused !jy temSon in 
the clamps. , 

The pressure while’ the stack is in the j)n‘ss ilepends Jipon 
the character of the paH.;jj<—that is, their size aiid thickness, 
* and the species of wood of whiyh tlii-y artynade. t'or lighU-r 
work 100 pounds per square! inch is siitisbu'tory, but for 
' the largest, heaviest type, a ijressuic (-f 300 pounds per 
square inch is necd(sl. iixccssive comjjression causes the 
glue to squeeze out bc'twj-en tiie jbints and n'sults in a 
“ starved ” joint. The operation of pressiijg takes 'only 
about 6 minutes.' • ' 

After removal frrjm %! jtress, the stimk of panels, tightly 
claniped together, i«, carried to a drying room. Here it 
remaips as a 1*010 for M hours in a temperature of 70 to 00 
degrees P|hH!nhbit. When this time has elapsed the clamps 
are loosenfid, the upppr <ioull removed, and the panels piled 
up in the samesimm, separated small sticks so that they 
Are entirely SSpdaod to the dry air kept circulating through 
the roozd'.' Forty-eight hours is allowed for thi; so<-.ond drying, 

^ After which thcpanolS Artiready for cutting to size and sanding. 

CuliiTtg and Sanding.-^This operation isliono with rip and 
cross-cut saws which trim the panels to the specified dimensions. 
They are now ready,for the finill process, that of smoothing 
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timi. lor yy Bno work a “ finiah aandins ” on « 

88pnclt*P wifh ftf/x tii\ • PB* 

% 1/ Ih,. f„. pH.. „ .„i„, 

“„r “”*"*•«. "«* • 

Minor dofoots that occasionally annear in fini=i.iv. 
cau^d, ficrhaps, by slight iin,.erf,*tion« in the wood or ca^t’ 
wor^anship, an, .paired by an expert, wh^Ttl 

out the part containing the flaw and Ways new wood. 



OHAJ’TKU II 

THE GlJNEllAL niOPERTlES AND USES OK 
PLYWOOD 

Fob a inatotial combining iiglitiuiss and slrcngth, wood 
would be unexcelled if it were of lioinogetyMais struetuiv. 
In^^nsilo atrength j)arallel to the grain, eertain heavy woods 
like pignut hickory ant mom than half as strong as mild sti’el, 
and their weight is less than one-eighth that of steel. SiM'uee, 
a typical light wood, has a fifth the strength pf steel, yet only 
an eighteenth its weight. 'I'Ik; same is true*though to u less 
degree, of the modulus of rupture, and the eonipr|jssive 
strength oh wood parallWito th(! grain. Howev(*, the hmsilo 
and crushing streuglh* js-rpewlieular lo ^.he gram, and the 
modulus of elasticity in this direction, arc! but a teuyi to a 
bwontieth of these, values. On the o^ier h’ lid, Uie«re.sistuiiee 
af wood to shear parallel to thtt grain is many times less than 
its resistance to shear ae|oss tife grain, tieeause. of these, 
lacts, the utilization of the full tensili; streny^h of wu(kl, or 
jf its high'modiyus of rflptiire, is nlJwlc dillieult. This is 
iuo to.the troublo*iii ho.lding a •Kunber by bolts or similar 
meass, to the largi^ bearing s^rffCee necessary to pT'event 
ashing of the wood perpendicular to the grain, or to weakness 
h horizoirtal shear. 

' The chitf functioi^f plywood is to ee^ualize the Arengths 
if wood in diiefftions at right armies to cash other. This is 
loooiflptished'by cutting th^ wood into ,thm sheets, called 
reneer, which are then glued together to fotm « laminated 
Itructuro,.com|i08ed^ol ef central core, or cross-band, on both 
ddes of whiob: are glued sheets of veneer with thhir grain at 
ight angles to that of the*core. These are the outsicle or 
aoe plies ip three-ply panels. tn*multi-ply construction the 
' 17 ■ 2 
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procedure is tho satpe, oxcej^ U"at extra plies are added, an 
equal number on each side of tho core, and every, ply is placed 
with its grain at light angles to that of the iayor imidediately 
Ix'maitl. it. r.,. 

Another very important result obtained by plywesKi con- 
stnietion is the praxitieal eliml^iation of warping. In ordinary 
wood, ehaiiges in its moisture content produce shrinkage, 
which is much greabT, projwrtionally, in a dhection trans¬ 
verse to llic grain than parallel to.it. When this shrinkage 
is unequal on the two faces of a boanl, owing to more rapid 
alteration in moisture content on one side, wsirping occurs. 
By making the shrinkage in one direction oppose that in the 
other, 2 jroperly construeUd plywood prevents the difficulties 
causc-d bj’ shrinkage. In the more extended discussion that 
follows is cx;-ikincd the manner in whi'-h plywood modifies 
the 2 )ropcities of natural wood. 

H'oods ('ml in ]‘ly>eood CondrurJion .—On account of the 
many new uses to which plywood .' as bi'en put during the 
war the varieties t.f woods emj-.loyed in its manufacture have 
changed cousid(irably. Extensive testing has brought about 
the eliniin.ition of some species, because of their lack of suit¬ 
ability for rlruetural jmqjosc's, and has caused the seknition 
of several of the little-used woods 'jr 82 )ecial work. 

The sja'cies teoni which most plywood was made before 
the war ore given bedow, in the approximate.ordcr of their im- 
jiortance: Oum. mai>le, oak, poplar, ash, basswood, ■ birch, 
elm, walnut, betwh, yellow pine, eotton-vood, sycamore, cAnd 
moliogan.v. Several w(K,ds, notably spruce, Spanish qedar, 
and redwood, which formerly were seldom used, have been 
found to be among the best for meeting the requirements of 
aeroplane constraction. "he more imponant propertiM 
for structural plywood are lightness combined wit£“high« 
bending and compressive strength, stiffness, and toughness 
or resistance to si>litting. Other qualities which are defflrablo,o 
but which do not vary greatly in different qiecies, are resist -. 
ance to distortion, due to vaiktion in moisture content, 
and ability to take glue well. 
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Some aeroplane parts cai^for a very strong, tough wood, 
and one of the heavier species, like birc^ or maple, must h); 
employAl; while wther parts require the qualities of lightness 
ai^^ stiflneas together vgth moderate strength, suoh as is 
found (in varying degrees in spruce, poplar, basswooc^ and 
Spanish cedar. * 

•# 

.Factors in the Design of Plywood 

Symmetrical (^nelrvclUm .—The first •prineipht govQj-ning 
the constraetien of’dywood is that of symmetry. On either 
side of the centi'e layer ( r eorif there must Iki^ui (iqual numtiei 
oPplies. Tile number of laminations in jdywood must there¬ 
fore be always odd. For wieh j'ly on oni! side of the sore 
there must be a eoriiisponding ply in the same relative )>oHition 
on the opposite of .the core, liolli such jiliqji musj lie of 
the same thiekni'ss and same sjieeies of woisl, prokTably, cut ' 
in the same manner—that is. by arotary eutU-r.Sieer.or joneer 
saw. Fmjthermore. tk^grifin of two layers wfiieh uiti both 
the same distance froni tlie e*re, must ran lii the same diree* 
tion. The reasons for this manner of l■onstruction aip in the 
main connected with the phenomeiu^of siirinka^e.* . 

On account of the greatfdiHei'euee, with any wood, between 
the shrinkage parallel teethe ^ain*and tliat perpendicular 
to it, Stresses will always be s(‘t up*or nJe^-d in plywood 
when its iftoisture (lontent is altered> t.Vmsiilering a three- 
ply p 9 ,nel, for example, if the humidity iuen‘ases the core 
wil^ tend to exjiaud^transversely. But since it is rigidl]^ glued 
to t^e face ^es, in \^hieh the grain is at right angles to that 
of the core, tfiis transverse? swelling is eheqked, on account 
of the fact that thi^face plies do not iMoiin apprSciably in 
a direction pafbllel to ^eir grd^. They<are therefore put 
in teifhion. a similar wa^ the face plies would expand in 
a diiwftlon perpendicular to their grain w«re *hey not re¬ 
strained by ttie coft, thereby being put under compression. 
Each OQe ofthe throe plies is thfls subjected to tChsile stresses 
parallel to its grain, and ff> eompressive stresses tra^verse 
to its grain. 
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The application o._j-_/ wUl prevent 

warping; for it is evifiont that* if*the face plies, or with multi- 
wood, all pairs of corresjx>nding, inter^uediate plies as 
well, art^of the same thickness, denuty and species, and have 
their ^ain running in the same direction, the stress on 
either side of the coni will lie balanced. However, should 
similarly situated plies be of unequal thickness or character, 
or not have their grain jmrallel, either cupping or twisting 
of the panel will o(;cur. iSeeause of these facts, it is clear 
that in sanding plywood cam must be exifreisod to sand both 
faces equally. 

An ('.xlmine example of distortion results when one of the 
faces of a thin, three-ply panel has its grain ])crpendicular to 
that of the other face jily. If such a panel is dried, it w'ill 
curl up almond into a cylinder with the ply, whose grain is 
parallel to itlie grain of the con', on the inside. This pheno¬ 
menon is produced by the unsynimetrical distribution of the 
slirinkii^; stresses, riacing the grain of each face j)ly at an 
angle of 45'' to that, of the core, and Of DO’ to that of the 
other face ply, will cause another extreiue ease. A change ir 
moisture wpuld bring about a twisting or curling up of such 
a panel in the direction of one of its diagonals. 

This discussion 'inalich evidVait thj.; necessity for having the 
grain of adjacimt jdies us exactly at right angle's as is prUctical. 
Furthermore!, to redueo Hhrmkage<strr!ss(!s to a*minimum, 
it is desirable that the mqfstum jcoptemt of the plywood, 
when thi! latter is nnnoved from the cla^]>s afU!r gluing^ be 
as closely as possible the same as it will bO in oetu&l service. 

Owing to tbi!i fact that the shrinkage! of different varieties 
of wood,'with the same alt<!ration in moisture cqptent, is 
never identical, th/! aftnount^pf shrinkage In a'panel will vary 
with the species or combination of species uhedr It it •also 
dependent oq thic relative thickness of the different pltes and 
the nuihber of plies. A series of 64 slutini&ge tests were made < 
recently by the Forest Produbts Laboratory on combjpations 
of teii of the more common spedies of wood. The avwage 
shriirkage in bringing the pitjodl from the waked to the over- 
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dry condition was -45 per ^nL parallel to the grain and -67 
per cent, po^cndioular to it. Individual results ranged froy 
•2 to !•# per cent., and from -3 to 1'2 per cent., respectively. 
Iltfae values should be cs>ntrastnd with shrinkage, under the 
same «onditions, of 8'5 per cent, for flat-sawn boards apd 4-5 
per cent, for quarter-sawn lunfeer, which are average values 
for 150 species. • 

Number of Plies .—Several factors must be considered in 
determining the^umber of plies it is best to use. Ttie most 
important eflwt increasing the numlair of plies is to moke 
the plywood more homogeneous. Its strengtji in both l>ending 
aftd tension in the direction of the grain of the face plies in 
decreased, while its strength in a perpendicular directiqn if 
raised, until the strengths in each dmiction are nearly equal. 
Hence, the three-ply type is best if much grciyU'.r stif-ngth if 
desired in one dintetion than in anotlg^r. .A^fproximatc 
equalization of the strengths of a three-ply* panel ip each 
direction «an also be (Kgionfplishcd by properl/proportioning 
the core thickness.* Howtwar, in registaucc to splitting 
action, such os is needed when plywtxKi is fastened by screwi 
near its edges, the three-ply can nqvcr bo made to equal th( 
multi-ply construction. * 

In general, whenever » join? is ilSade between two thick 
laminations which have their grain at rigjit angles, there 
exists a tAidencpr to we.aknes8 olongHhe joint. This is alsc 
the case with plytvood nuide ujs of heavy veneer, and is du( 
atjoast in part to^he greater sht’inkage stresses thdt occui 
witjj thick'plies. The use of fairly thin pUes renders lesi 
likely the development of weakness along a jmnt. 

Another conside^tion that is sometimes the Controlling 
factor in deciding on the numb^ of lamiaations, is that th< 
extfa glue required where npiny thin pliqs arc used adds very 
appreciably to the weight. This point should always be con- 
• sidered. Inijaso ifla%8pocialJy dearablc that the plywood 
remaitkvory flat, muRi-ply construction is advisable. Tht 
reason that distortion is practically eliminated is tlilit the 
shrinkage^Btressaj more nodllf (‘qualized. 
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Lastly, Pertain ootnmorcial re^ns may afFoct the number 
of plies. Of those factors, the principal one is the extra 
Libonr entailed in the multi-ply type of panel. Idj certain 
instances, particularly whem the, total thickness of tte 
plywood is small, the maximum number of ph’os is limited 
by the minimum thicki«!ss to which it is practicable to cut 
veneer. This varies with the hardnosa of the wood, the 
closeness and nature of its p^rain, and the method employed 
in cutting the voneoy. For rotary cutting j'., inch is a usual 
minimum, and for slicing inch. Because of the difBculties 
in handling very thin veneer, ihe widths of such sheets are 
usually limited. Sjjecies of low density and open structufte 
cannot as a rule be out leas than aboutinch thick. 

Ratio of Core to Total Thickness. —As su^ested before, the 
strengths of plywofsl in directions jjarallel and transverse 
to the grain, of tlm facs! plies may to a targe extent Itc modified 
by the ratio Oi’ the core to total thickness. The term core 
is here ineanv to include all the. hypers whose g^ain runs 
perpendicular to that of the ftyccs. Tne purjmse for which 
the plywood is inUmded largely determines this ratio of core 
to total thipkness. For example, to obtain the same tensile 
strength in each direction, the core should be '5 tho plywood 
thickness, while for equal strengths jn bending this proportion 
should be '7. However, the presence of shrinkage rtresses 
may introduce an unesrtainty that upsets any colcuiations. 
A large proportion of core lapiinations.js effective in reducing 
any tendency to distortion. , . 

Low Density Species for Uorcs.—The-strength’of a panel 
subjected to tehidle stresses parallel to the graSm of tho faces 
is independent of the nature of the core. On the ot^er hand, 
tho modulus of rup|iuK' and jfie coluihn strength may be very 
largely affected, owing to the fact that the8c*JihiportWB*are 
proportional ,to the moment of inertia of tho cross-sefction of 
the panel. Of two cores, equal in weij^t buk differing in 
- density, the Jow dehsity coro'^will bo tho thicker, an4. hence 
will space the outer pKos further* apart. Experiments have 
shown that plywood in cayytng an axial ‘load acts like a 
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long column whoso capacity is a function of its dcndorncss 
nttio. From this it is ap^reht that ftny increase in tho 
spacing pf the faop plies, sccun>tl by using a thick, low' dcnsi(,f 
core of basswood or poplar, will add appreciably to the column 
gtrengyi pa^el to the grain of thest‘ ])licK. ft should be 
carefully noted, however, that Ijiis increase in strength fs due 
I solely to the greate-r^ distance between tlie effective plies, and 
not'to the chjjracter of the wood in the core. 

In general, for large column strength Uie fa<‘e ])lics should 
be thin, and ^f a strong wood like birch or maple, atld be 
separated as far as possible, ffhis same dis|a)sition of material 
will add to tho resistance of the jdywood *to ciqiping and 
twisting. 

In this connection the Forest lh-odm;ts Isilamitory found in 
its tests that panels constructtal of low denait^y woods were 
less inclined to distort than those built up Id s))cyics of high 
density. This slightly greater tendency fo cvarj) must be 
balanced ^against the Jbettiy structural chara«tiu’istie8 of a 
panel with strong faee plies. It might alSo bemadded, •that 
teste have indicated no differonce in the tendency to-war|: 
of wood cut by a slict'r or rotary cutter, but sawn veneer will 
usually warp the least. 

Total Thkkntim of Pajt'i/.—Ssverri thorfsands of tests or 
plywoad of eight thicknesses, varying from /f, inch to 1 incl 
total, and* including pH ,the cominog species, give data or 
the efiect of pafl^J thickness u^on the various ]>hysical pro 
parties of plywood. All the spooimens in the tests ,wero o 
rotary cut Weneer, and each panel was throo-idy, with all th( 
plies of the same thickness. It was shownsthat the pane 
thickness has no effect on the unit, tensile strongfh. Tha 
portion of the^nal^ial fc which the gAiii was perjicndicula 
to ^lle diresMbn of stress fur the most part influenced thi 
strongidi very slightly. Tie unit tensilfi sfjen^th parallel t( 
the grain wv t#£ ^mes as great as that transverse to thi 
grain.^ 

TAsts on t£e column-bonding modulus (P/A+Mf/I), , 
im)perty analogous to the omlinarv modulus of rupture fo 
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bending, brought out somewhat jJiiTerent 'results. When the 
load was applied p<!rpendicdiar*'to the grain of the face plies 
uhis property was eonstant for all thiekncs^s. But,with the 
load applied parallel to the grain of the face plies, a consider¬ 
able uniform incfrease in the modulus occurred as tl^ panel 
thickness was ineniased frotii inch to 1 inch. For all the 
common varieties of wo<k] the total increment amounted to* 
from 2!» to .‘11 per cent, of the value of the modulus when the 
thickness was inch. The ratio of the column-bending 
inodiiluK with the load applied ])arallol to thy, grain, to that 
when the load was perfKindicnlar to the grain, varied from 
4 to .').5 The difference between the unit column loading 
(t.c., the direct compiiessivc stmss, P/A) in thesfi two direc¬ 
tions was even more marked. For this case the ratio between 
the column loads ]>ara1l(!l and jxirpendicular to the grain of 
the face plies, siip]K)rted by two panels of the same length 
and sectional .ania, varied betwram 10 and 14, according to 
the s)M<eies o' wood. The vari«;tion,,with the panel thick¬ 
ness, in thc-totaMoad cairied was foi.nd to foUow the law 
for slender columns and was proportional to the cube of the 
panel tnickness and the square of the column length. 

Those tests made on panels constructed of two species of 
wood in combination 'emoastrated that the properties of 
plywood panels in the direction in which the load is applied 
are dependent entirely jipon the ch/iractor of the plies whoso 
grain is parallel to this direction. For inj(tiinee, irrespective 
of whofluir the core is of,high or low density, provided^ its 
thickness is the same, the column-bending modulus, the unit 
column loading, and the tensile strength of a’panel are high 
if the fae^ plies axe of a strong, tough wood. And if the panel. 
has a low density cttie and^s subjetted'To ajoad transverse 
to the grain of the face plies, the properties- will-all bo , 
as low as if thy, fai’c plies were of no stronger' wood than 
the core. 

, Resistaneq to splitting, as*-dctcrmined'by the total work 
per ia’jh thickness necessary to aauso failure, increases' to a 
certain extent as the panel thickness becomes Greater. This 



OP PLYWboi) AMi ULUK 


26 


property is of importanco if^iews or nails near the edge of 
plywood must be relied upon to bold it sdburedy. 

The qpppihg and twisting of a panel, of a thieknesl 
greater than 4 inch, is small and neiirly eonstant. But 
with decreasing thickness the dislorlion grows largo and 
variable. 


Glued Joints and Splices 

The Forest Pjpduets Laboratory liaij also conducted a 
number of tegts ofl thnw-ply panels ma<le up of ,'j*ineh 
basswood and sugar maple ^neor, to deteymine. the most 
efficient types of splices and joints. Two senes of tdkts were 
made. In the first series two kinds of joints were employed, 
the diagonal butt and the simple sitarf. .Some of the panels 
had a diagonal butt Joint in both faces, and sortie in the cum 
only. For this first si'ries the scarf joints were all jp the com. , 
In the second series of experiments splices weift made in one 
face ply qply. 'They Ufgm ef three tyjMfs: tho*simplo*8carf, 
the diagonal scarf, arifl the sjj,w-t(H)th butt’jointh. All fiesta 
wore made in column bending, the ri'sults Ixung oxpre.saed in 
terms of the column-bonding modulus. All the jHinels in 
the first series wore ,5 x 12 inches; those in the seAmd set .'5 x 20 
inches. The panels were |,11 teatbd with thfiir long dimension 
paralief to the direction of the loath • ^ 

Mffect offSh'/>e. —The luifierimenta oii all-maple panels with 
a diagonal butt joint ii^ oath faeg indicated that the strength 
of guoh a joint incjcascs progressively with its slope. For 
example, wUfen the slope was 4 to 6 the efficiency of the joint 
was 20 per eeift. This was brought up to 67 ^er cent, when 
■the slope jvas 12 to 6. In the ease of the all-basswoed panels, 
the eorrespondiag elScielfbioa foi^lopes Sf ^ to 5 and 12 to 5 
. weraSl perT-ffit. and 100 jier cent., rcsjictitively. In these 
two sets'of tests the load was applied parallel to^tho grain of 
• the face plies* 

With,the maple panels in wMch a dia(fonal batt joint was • 
used In the core the efficietfty, with a slope of 4 to 6, Was 88 
per cent., and ik^increased to 4Qp per cent, with a slope of 
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8 to 6. In tho case of baaswopd panola, however, 100 per 
cent, efficiency wait obtained with the minimum slope of 
'4 to 6. . ■ 


A simple scarf joint in the core having a length of 0'7 inches, 
which gives' a slope of 1 to 11, had an efficiency of 86 ger cent, 
for lioth maple and basswood panels. Had the length of the 
scarf been Ij or 1J inches the joint woulfl very probably have* 
been 100 per cent, efficient. In all of these! Jests made on 
core splices tho load was applied parallel to tho grain of the 
core' ply. " ^ 

For the secopd series of tosos the simple scarf joints were 
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J, 1| and 2 inches long, corresponding to slopes of 1 to 12^ 

1 to 20, and 1 to 30. All tho panels in this series had basswood 
cores. "Jlie J-inch simple scarf joint with maple^faces was 
69 per cent, efficiodt, tho ^^-inch ^join's 93»por cent., and 
the 2-inch joint 100 per cent. The corresportang jointowith,. 
basswood faces v^ere 40,100 and 'lOO per cent, efficient. •• When 
a diagunal scarf joint 1 inch long ivai^ used, i the efficiency,, 
increased somewhat as the slope of the jdint became greater, 
but ia neither the maple nor the basswood panels did the 
diagonal scarf show any iippcovemcnt over the simple scarf. 
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Not until the (dope was 12 to ^did this joint give 100 per cent, 
efficiency. 

The general results of tests on sicw-tooth butt joints were* 
the^^me for.both meple jind basswood panels. A jjint in 
which t^e ratio of width of tooth at the base to length of 
tooth was 5 to 5 proved to be abilut 40 per cent, efficient, and 
the ratio was dectoased to 6 to 13 the efficiency rose to 
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80 per eeijt. In ev^’ test made on this type of joujt failure 
occurred in thengluo. Yftth botlt the sa^-Jooth and diagonal 
•batttjhints tHeft was always a strong tendency for the point 
to sepatttte from the core that was particularly noticeable in 
■panels havingimapl^fados. 

In Biynmarizing this discussifln, it may be said that the 
aaW-tboth joint is the leastssatisfactory of any of the*ypes 

investigated, whije tho diagonal! I^tt joint is not as good for 

• • • - - 
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most purposes as tho simpjr scarf joint. The latter is 
^ superior to tho diagonal scarf and can be made 100 per cent, 
efficient. Tho most effective length for a simple Sicarf joint 
in a inch panel is 1.1 inches, which corresponds to a^ope 
of 1 to 25. Jfigs. 8 and 0 illustrate the various (kinds of 
joints tested. ' 


Riveted Joints 

llefore it had boon domonstratod that glued joints were 
much iiions satisf)K:tury, except in speeuJ ca'sos, than rivett'd 
plywopd joints, extensive tests had been conductitd on this 
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type. But a brief discussion will b(' givm of tho results of 
this work. When the spacing of tho riycts and tho width of 
the margin are most efficient, the particular sizd of rivet used 
has no apprecflablo effect on the strength of the joint. Since, 
however, small rivets give their best values for a close spacing, 
a laiger number ot them/is necelfeaiy. Tlfis causes much 
extra work when the smaller sizes are usodt*’ "On thS bthor. 
hand, the largest rivets require only a third the ntimber of 
holes &nd yet moke as strong a joint!" The)^ arc therefore > 
generally to bo recommended. ‘ .u 

A# a material for rivets, alumifiium has the advantage over 
copper or steel due to its liglHness, malleability, and the fact 
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that it gives a tight St when slightly upset* The tubular form 
of rivet is superior to the suii(^UI(luss the size is very small. 

The spifKiing of -inch rivets should bn about 1^ inches* 
centre to centre, and the margin, or distance betwc'cn the 
joiA* ai^ the centre line of the row of rivets, shduld lie not 
less than IJ inches. A margin «if Ij or 2 inclios is rwom- 
wnended if the grain of the faces is por])endicular to the seam. 
For 0'15-inch copper rivets the best results were soeured with . 
i-inch spacing and 1-ineh margin. Fig. 10 illuslratos the 
single and mult^ilf' livel ty))es of joints tesU'd. * 

All of those tests were madtkon joints wilh^ eitlior a single 
rivet or a single row of rivets. For this rtiason no eon- 
clusiuns can bo drawn or ineommendations made nJative to 
joints in which two or three rows of rivets are used. Tlio 
kind of joint investigated was the butt type with two yeneer 
cover plates. V'oneef cover plates are proballyTxjst, though 
where the joint is exj)osed, the air reBi.stanc(? can be reduced 
by the use of slua't aluu^niuu^and by countersinking the^ioles 
so that the rivets will »io1 protrude. The fiaished joint iitay 
be covered with cloth, glued on and vuAiishcd. When the 
grain of the outer plies is perpendicular to the sealn the 
efficiency of the ls«t rivctejl joints ishboet 30percent.; when 
the grain is parallel to the seiuii this value rises to about 
60 per cent. 



CHAPTER 111 


PLYWOOD STRENGTH TABLES 

TaCR vory largo amount of data availabto on the strength 
and other properties of all ecmmoii varieties of wood when 
made vp into plywood panels of varying thickness, number 
of plies, ratio of core thickness to total thickness, and com¬ 
binations of species, has been collected and summarized in 
several tables which are reproduced herewith. The woods 
used in the tesi/S from which these tables were calculated 
came from vtrious parts of the country, so that slight varia¬ 
tions due to.locality are eliminated.. 

Oolumn Teals.—Tests to determine the column-bending 
modulus were made on specimens 5 X12 inches in size. In order 
that tue panel could be computed as a round-ended column, 
its ends wcio rounded into a semicircle. Thu modulus is 
calculatisl by the form -la: S =:P/A-t-6m/Cd*, in which: 

S—(Joiumn-bending modulus. 

A —Gloss area of cross-section. 

P if Load at maximum mbment. 

M=MaxiAium bending moment. 

Px—maximum deflection. 

“ B=Width of test piece. 

D=Thickne8s of test piece. 

M o '-, 

Like the modulus of rupture in the ordinal^ bondingjtrat,(, 
the column-bending modulus is not a true stress existing in 
the fibres at the instant of failure, hec.flusc the elastic limitv 
has been exceeded, but is rather a measure of the comnarative 
atrentj'th of plywood in resistingoexternal bending moments. 
This property includes twoicictors, a compressive stress and 
80 
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• * 

a bending stress, but the former is relatively so small that 
the column-bending modulus can be usc(f and treated as the 
modulus of ruptuie. ‘ 

connection with the pnit column loading or Vl\ factor 
in a ooltvnn test, a series of exjieriments were made on plywood 
♦ 



• of vafious thlBknesses to determine whether for a given 
slonderti6sa ratio the length of a plywood .column had an 
•effect on its <»lumn*Btr8ngth. It was found that th» length 
had no appreciable'effect for a "large range of vglucs of the , 
ratio of the length of the colamn to its least radius of gyt*tior> 
Kg. 11 shows a plywood column jpady for this test. 
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TABLE II.—TENSILE STRENGTH OF PLYWOOD AND 
VENEER. 


aptfieti. 

No. 

of 

Tetlii. 

R 

bi 

2> 

ll 

^1“ 

1- 

TmHtle 
Strenglh of 
%Phj Wottdf 
Paralld to 
Umin of 
Fttees. 

Ui. ‘f)er 
Stpuf.. fiirh. 

• 

'Tonsils 
Strength of 
Single-Ply 
I'eseer.t 

n. 

(d) 

Lb. per 
JSqvare Inch. 


(«) 


(«=) 

w 

(e) 

Biroh 

200 

8..1 

0-07 

13,240 

19,801) 

Aflli, blank 

KO 

01 

0fl7 

0,200 

9,300 

AeK, nommoroirsl 
wiiitt; .. 

120 

lO-li 

001 

0,7(K» 

10,050 

BasHwopft.. 

IHO 

0*0 

0-41 

0,3(8) 

0,450 

Beech .. c ., 

120 

8-0 

0*07 

I3.IHMI 

10,500 

CV'dar, SpaniRh 

HO 

11-8 

0-43 

5,220 

7,830 

Hiorry .. . ..' 

40 

0-0 

0-40 

0,020 

10,380 

CheHtnut .. 

40 

11-7 

0-43 

4,4.30 

0.040 

(k»ttonVuod .. 

40 

O-.l 

0-48 

7.540 

, 11,310 

Douglas lir 

no 

8-4 

0-41'' 

5,030 

8,440 

£lrji»m)rk.. 

:w 

11-7 , 

o-ao 

0,840 

14,700 

Elm, whito 

120 

8-0 

033 

0.400 

0,000 

(lum, r(}d a. 

102 

8*5 

0*54 

7,780 

11,070 

(iiini,notton 

80 

lo-a 

0*40 

0,200 

9,300 

Mapin,8oft " a .. 

80 . 

0-0 

O-ilO 

8,020 

12,030 

Maiilo, Hugar 

82 

7-0 

ffos 

11,010 

17.420 

Oak, red .. 

ll.^ 

'.‘•3 

0..59 

.5,480 

8,220 

Oak, wliitc 

7.1 

10-1 

C\4 

7,200 

10,800 

P(»])lar, yellow 

80 

8-8 

0*f)0 

7,130 

'10,000 

llndwnod .. i-. 

0.5 

11-2 

0-41 

5,100 

7,050 

Hynamoru .. 

40 

10.2 

0*.)0 

0,180 

13,770 

Spruce. Sitka 

40 

7-0 

041 

4!5)00 

7,350 

Walnut, black 

80 

ft-7 

O-BB*- 

’7,040 . 

11,400 

Pine, wbite 

40 

10.2 

043 

5,040 

8,400 

Mahogany, Philip' 
pine 

2S 

10-7 

0-83 

10,070 

10,000 

9A70 

Mahogany, true «.. 

35 

11-4 

0-47 

0,3(0 

Mahogany, African 

20 

. 12.7 

0..12 

5,370 

8,000 


^_ 


_ 

U-. 

*• 


• Spenifio gravity baioU on ovon-dry weight and volnmo at tost.' . 
t Bwed on total cross-sectional area; 

J Based on iVisntiiption that centre ply enrries no load. Data baaed on 
tests of '.hroo-|il}r panels with ali the plW in .'uiF'ono patvrl same thickness^ 
and species, 
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TABLE m— THICKNESS FACTORS *POR VENEER. 


(o) Veneer thiokneBu for same total bending strength as birch, 
(o) Vene»r tliioknotw for huiuo weight an bii'oh. 
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0-2 


1»48 

1-28 

white 
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0-01 

■TSh 

88 • 

l-23‘ 

1-09 
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0-41 

00 

42 
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L-00 



0-07 . 
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90 

l«)2 
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0-34 
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l-Hi 
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' 8peoifiti gravity based on ovonnli^weight and volnme attest. 
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Relative SfliUing ReaisUmee .—^In Column 13 of Table I. 
ia given the relative splitting resistance of various types of 



Fio. }2,—^PABATCB FOK IlETXKMIKIIia RenIBTANCE OF FlYWOOII TO 
SpUTTING.i'' ' ' 


plywood, as measured by the amount of work requirpd to 
split a 6-inch square test panel in the apparatus illustrated 
in Fig. 12. This testing device cpneiste essentially of a sharp 
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pointed plummet or weight that can 'be dropped from a 
given height, until the test panel is split. The point of the 
plummet is first embedded slightly in the centre of th» 
panel; t&e weight is then raised to a certain height and 
drdpped. TAe procedure & repeated until final failure occurs. 
The amount of work done is the product of the weight of the 
, plummet, and the total distance through which it has fallen. 

As has been previously noted, resistance to sjditting is of, 
importance, principally in connection with the fastening of 
plywood along itS^dges by moans of screws* nails, or bolts.* In¬ 
cidentally, it islmportant to a^d that tests have demonstrated 
the great superiority of screws over any firm of grails, a 
screw beii^ more efleotive than a nail twice its length. 

s 

TABLE IV. 


COMPARISON OP STRENOTH OF THBEK-, FI/E4 AND ^EVEN- 
PLY YEJ.LOW BTRCll PLYWOOD. ALL .PLIES. OF SAME • 
THICIKNESH IN ANY ONE PANEL. • 
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.J_ 

• • 

ffemtum 
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0 • 
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i^pHUimj 
Henietance 
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Z-plp liirch 
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Plywood 
Thkknenfi 
in per Cent* 
«/3.plj/. 

PHeH. 

• 

TesUi. 
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Per¬ 
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1 
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r 

3 
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6-1 


• “* 

19,100 

3J00 

I* 

1 14,4«) 7,900 

100 

5 

-87 

6-6 

74,700 

6!k)0 

13,100 

. S,(>00 

143 

7* 

•70 

71 

1 » 

24 

14,300 1 

! 

7,008 

12,9(10 

. 9,300 

1 

212 


It will be noticed in Table I. that the spl itting resistance of 
the varidUs speeieiggs ejpresse^ as a percentage df that of 
yelloY birch. ,ln all the plywood tests this wood has been 
' taken as a standard, and in Table III. certain properties of 
other species are ajgo expressed as pereent&gesiof the corre- 
*sponding properties o? yellow^ birch. Table IV. gives the 

* Ptrallel and peqwndirular ijfer l<> direution of grain of faoeiy-elative 
to direction of application of foroo. • ^ . 

• f Specific gravity.fto^d on oven-d^ ^flight and volume at test. 





results of tests made to determine the efieot of using panels 
of more than throe, plies. The various factors entering into 
.this type of oowtruction have already been discussed. In 
Table II. are listed the tensile strengths of single-ply and 
three-p'iy vanoer of various speeiki. Table III. gives 'che 
thickness of a sheet of vonecf of any species of wood fhat will 
have the same weight as a unit thickness of yellow-birch, 
veneer, information of considerable interest to designers. 
It should bo noted that in this table only the relative densities 
of the woods themselves were considered 'In computing the 
thickness factor, and not the d|;nsitic8 of the ^ued-up panels. 
Hence, no accost is taken of variations in the amount of 
glue that different species of wood will absorb. 

This, as a rule, is greater for open-grained than for heavy, 
dense woods, such as maple and birch. Tlie thickness of any 
panel that shall-have the same strength in bending as a 
yellow birch .panel can bo calculated from the thickness 
faeton found in Column 6 of Table Ill. Those factors were 
obtained as.folloivs: * . 


M 


6 


M, 


. D 

6 ■ 




If di is taken Sa unitj, Sj, the strength of yellow birch in 
bonding, as 100, and Sj as ajiercenta^e oJ,S’i, the thickness 

factor K,= '\/ and d 2 = dj . K. It should be 


emphasized that4;he ratio of core to total thickness must bo 


the same for both th# birch jaanel sfid tio« om for which the 
calculation is being made. Also, diflerence in ihe number of 


plies, and in the total thickness ^f the proposed panel, may 
affect this relation somewhat. 

InT aUelJ. ate \pvetv\.lae m ouTvtes ioot 

^ di vanous species ol wood used in 

UoropJane eoiiatruotiim. the vatuo. tor weight per. 



TABLE V.—WEIGHTS OF VENEER. 

La Ounces per Square Foot of One Fly. Veneer Thickness in Inches. 
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square foot for a shigle layer of glue, the total weight of a 
plywood panel of ^ny thicjcness, number of plies, or com- 
,)>mation of woods can be readily calculated. The results 
will be as accurate as normal variations' in the density of 
any ono species will permit. Heie again, hovtover, a slight 
error is introduced by negl^ecting variations in the'amount 
of glue absorbed by diflerent woods. , 

All the tables reproduced in this book were prepared by 
the Forest Products Laboratory for the Bureau of Aircraft 
Production 



CHAPTEIS IV 

DESIGN QF VARIOL'S AEROPLANE PARTS OF 
PLYWOOD. 

Wing i?»6*.-*-ToHt8 have ^emunatrattKl that for chord 
lengths up to 75 inches, which with an R.A.F. k) seettion would 
give a maximum dqrth of 4^ inches, in the tj'pe of construc¬ 
tion which employs spruce ca])strips, and a ))lywood Web, 
suitably lightened by holes, is fully as efficient and ^strong 
as any built-up or trussed rib, and in addition is*raorc reliable 
and easier'to construct than these types. *Tl»at there is a 
limit, however, beyond which the trussed coiistructlbn is 
superior t^ the plywo<j3*is obvious, but only more extended 
experimentation can deterraifie what this limit is. In the 
webs of plywood ribs two types of cut-outs are usdd, the 
circular and the elongate;^the latter may be o»al, or often 
nearly rectangular, with a length two r# three times its depth. 
Since tljp vertical tnembw?! of the web serve to carry com¬ 
pression an(J horizontal shear, and to yrevent*buckling of the 
web, as a whole, sit is usually best to have the grain of the 
face plies vortical. This is an illystration of the pijnciplc 
that*the grain of the Outside plies should be in the direction of 
a colttmn load.. Furthermore, as a functional the web is 
to act with the flange or capstrip in carrying Both compression 
and bendSig, it js l«*t tn have ^he eoret in which the grain 
runs parallel tw the eapstri]), form a large proportion of the 
*total*wpb. Where low-densfty woods ai^ used in both the 
faces and the gore, the ra'bio of core to total thieftnes8»should 
%e about 1 to 2; and where high density faces aje used with 
a low density core, this ratiegmay increase to 2 to 3. A^pong 
Jhe light woods, Spanish cedar Jjias proved mosti satisfactory 
. 41 ‘ 
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for rib oonstniution; while, in the heavier Mpecies, com¬ 
binations of yciIloW birch of maple faces with basswood or 
"poplar cores are most suitable. Within tjie rangq of chord 
lengths^ which have been tested, the following thicknesses 
have been liound to give good results: For fipanish cedar 
throughout, f*®® i^-inch core; for birch outside 

plies and poplar core, j'K-inch faces and ,’.,-inch core. < 

' Fuselage Hkin .—Plywood in fuselage construction may 
be used merely as covering, or as reinforcement for a truss 
that"'is designed to carry either the entire load or a large 
portion of it. Or, if the fuselage is of the all-vencer type, the 
plywood shell itself, strengthened by the longerons, carries 
all the load. 

When plywood is used in conjunction with a fuselage truss, 
it is ifuportant that it should not wrinkle or buckle. This 
tendency is mole pronounced when the plywood has to lie 
flat than when it is curved To disirease wrinkling or 
simil&r disto.'tion, the core of the plywood is made relatively 
thick, and Of a iow density wood like poplar or basswood, 
while the face plies arc of thin mahogany or birch. In the 
first application of plywood to fuselage trusses it served 
merely as a' covering t'o replace lUnen. Any strengthening 
it afiorded was incideiKal afcd was^.eglected in computing the 
longerons and wires of the truss. This'was, of cotrsc, un¬ 
economical. In later designs the iilywood was made slightly 
heavier and stiff or, and cquld therefor^ lie depended upon 
to carry shear stresses, • to afford lateral support to ,com¬ 
pression members, and to bind together and stiflen the entire 
truss. It was found that all diagonal bracing wires could be 
omitted, and the size of the longerons considerably decreased. 
The use of diagonal struts,(runnin| frdlift th's lower longeron 
at the points of attachment of the chassis ktruts and flying, 
wires, to distrjbule the stresses from these members to 
several points on the upper longqrod, is aivisable. Th^ 
ease with which a fuselage^ of this character can be built, 
togetier with its comparative tightness, makes it a close 
competitor of the all-venefrcbody. 
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Une of the chief advantages of the latter type is its high 
aerodynamic efficiency due to the escel>ent^strcaraling that 
can be obtained, and to the fact that changes in the attitudi^ 
of a plane do not sensibly increase the resistatice of such 
a faired bod^. fn the veneer fuselage tbc skin rtsists all the 
vertioal*and horizontal shear, awl together with the longerons 
^it carries the bending moment produced by air loads on the 
tail surfaces, or by dynamic hmds. This second function, 
determines that the grain of the face plies shall be longi¬ 
tudinal with respecitto the axis of the body, and that (if the 
core transvors#. • 

Spruce plywood, because of its lightness afld stiffrata, has 
given excellent results, particularly in d((signa of fairly good 
depth and moderate length. But for the fuselages of larger, 
heavier planes, especially those that are relatively ijhallow 
or unusually long, a'stronger wood, such ataeliu or birch, is ^ 
better. In* many instances a combination of aim fa('es-iuid 
basswood cure is most suitable. • * 

, Singe the bending rasiiSent increases rapidly foaward of*he 
rear cockpit, it has been founS (•conoinieal to use more plies 
in the part of thes fuselage extending from just after*of the ' 
roar cockpit forward to ^bout tin? centre ol' fhe engine 
section, than in the rear^ortion of khc lasly. Tn a com- 
parativ(Jy heavy fuselage, for example, this rear section is 
usually of ijircjc-ply veneer, and the (yitical Seiition forward 
of the rear coekjfit^of five-ply. ^Thc purpose of the heavy 
construction near the engine scctkjp is to resist the (jreatcr 
shca^g strsBses produced by th(( engine and fuel tanks. 
Wherfl the outej plies become unnecessary th*y taper down 
to a feather edge. For smaller bodies the skin is three-ply 
at the critical sojjjbioRf an(htwo-pl|f towards the rear. In this 
case f^ric is often used between the plies, because of the 
greater (aughness and stiflneSs that it imparjs to the skin. 

With this jjpnerakttyjfe of fuselage the skiif is divided 
*nto four longitudinal sections, the top, bottom, and sides. 
These sections may be in ti^ spliced transversely' at o#e or ^ 
^ore points. Th^ chief functjpn of the top and bottom 
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portions of the skin is to resist bonding moment, that of the 
side sections to resist shearing stresses. The longitudinal 
hections join at the longerons to which plywood ^is glued, 
and screwed or nailed. A scarf joint is considered superior 
to a butt jdint, largely because it stands weatWin^ better. 
In making transverse splice.! in the plywood, ilT is the best 
practice to employ a long, screwed scarf joint having a. 
slope of approximately 1 to 25, which, with 3 % inch plywood, 
for example, forms a lap of about 2| inch^. Such a joint 
would usually be made at a bulkhead. ■ l^lg. 8 shows both 
longitudinal and transverse splices. 

The 'ordinary thickness for the veneer in cither the three- 
or five-ply construction is -jV inch for each ply. In general 
fuHtlagc work the thickness of the core is usually about 
60 per cent, that of the plywood. 

liesidc the tj^jc of veneer fuselage which has just been 
described, anitther kind is being further developed, properly 
kno^^n as th' monocoque type. A body of this character can 
be <Lnado almost'-perfeot aerodynaraiee-lly, owing to the fact 
that it can be built to conform to practically any contour 
desired. Structurally, a monocoque body acts like a shell. 
It is charaotkized by its rigidity, and resistance to distortion. 
Though light loxgcroLS arvi used, .they do not play a very 
important part in carrying stress. In the same way, the bulk¬ 
heads in the roar portion of the body are reduced in number 
to about three, and servo sojely to stiffen the structure. It is 
possibje to build such a fuselage for a weight conside^bly 
less than that of any other type. Unfortunately^- owing to the 
large amount -of labour required in its ooustif.ction, this type 
as yet is expensive. Methods may be evolved that will 
simplify the present procesir ' 

The general method of construction is as folbws: First a 
heavy wood form is built up which is the exact ^ape of the 
body. This is made in two symmetriend halves. When the, 
form is ready, the work of patting on the-veneer is begun 
These are two general methods far building up the body. The 
customary process is iilasj/ratod by the veil-known L.W.F 
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fuBelage and is quite roasonablo in cost. With this tj'pe thin 
veneer strips 4 to 6 inches in width arc wound spirally about 
the fom» so as ta make about one turn in the length of the 
body. Aftej this first lay^-r of veneer is eomplete, clqth tape 
some 2i inches wide is wound over the veneer in a continuous 
strip, lapped about J inch, and*glue applied. Another layer 
of veneer is now laid, wrap|)ed around the body in a R|)iral 
of the same ^gree but opismite in direction to the first. Ort 
top of this conji^s a second layer of time wound as before. 
The third ant^ last’layer of veneer is now applied witC the 
grain longitudinal. After tike struetun< has dried three 
or four days, the mould, which with this metliod of elbnstruc- 
tion is not in two halves but is collapsible, is removed. One 
layer of Utica slieeting, applied to the outside of the body 
with dope, forms the finish. Spruce veneer hjjs been found 
very satisfactory. A usual thickness is to inch." Tii 
general, transverse sections of such a fuselage aft; symmelrieu. 
.about tw(kaxea. It is^ot practicable with thiiftype to font 
the I'eneer into sharp *curvos,,and therefore the fairing of tin 
lower wing into the body, or the construction of the fin Integra 
with the body, is very difficult. , 

The second general meffcod carries out -itill further some o 
the jmneiples involved iiaiho coAstruAion flist described. I 
is probable that lietter rosults in every way^can lx> obtainei 
in a body built according.to this latea process. However, oi 
account of the amaunt jef labou# entailed, it is a method no 
adapted to large 8<^e production! Some important, detail 
are still being developed. In this process, the veneer in lonj 
narrow strips ilot more than 2 inches wide iB»wound on eac! 
half form,in a tight spiral of such degree that the strip make 
an angle of approximafidy 45‘* with the longitudinal axii 
Thea# strips aft crowded close together and are lightly tacke 
dovm to hold them in place. On completion of this lays: 
»the second j^beguA!* The strips now run at right aihgles t 
those forming the inside layer. *As they are laid; Certus joii 
glue isapplied between them and the first layer. Immed&tely^, 
•the strips ate bu#^ up close against each other and secured 
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firmly in place by short, fight nails every 4 or 6 inches, driven 
through a little/ 1-inch cleat of plywood. After the glue has 
thoroughly dried these nails and cleats aie pulled off, and 
the forpi is ready for the third lay/)r of strips, laid with glue 
in the same manner as before and at right angles to the strips 
in the second layer. When'’this step is comjdcted a fourth 
layer of strips is applied, again at right angles to the strips' 
'in the adjacent layer. On the drying of these last strips 
and the removal of the nails, each half.the aljf-U may be readily 
removed from the form and carefully'^triitvmed along the 
joint lines. The two parts ol*the shell ore now ready to be 
fitted together. The splice, which occurs at the bottom 
and top, is made by an inside, laminated keelson, 2 X inches, 
to which each half the shell is securely screwed and glued. 
The edges ot, the shell are butUd together, thus forming a 
regular butt joiqt with a single cover plate. The last step 
in the proces^is the application of a layer of shooting, which' 
is put on with hot glue, and aft<'r dryipg is doped andrvamishcd. 
Thd plies fol'mii^ ^he shell arp of soft wood like popfor or 
spruce, each ply being about inch in thickness. 

Buliheadfi .—In the forward part of the fusidage the bulk¬ 
heads that support the engine and'gasolene tanks and receive 
stresses from thd Uft ‘kfires are of'’hcavy construction. To 
secure maximum homogeneity a large number of plies, each 
of or -/j inch thickcess, are used. • The ^tal thickness of 
such bulkheads will ordinarily be betweei. | and 1 inch. If 
groat strength is desired, birch or maple veneer is employed, 
but on lighter work spruce is used successfully. It is coipmon 
practice when "he bulkhead is of spruce, or soitie similar wood, 
to have pll the plies of the same species of wood and of the 
samo thickness, but' frequeiltly a combination of a strong, 
heavy wood and a light wood is advantageous. 

Another more eecont type of bulkhead which is muc'h''lighter 
than that just described is a form of bnift-up, ISfoss construe-i 
tion, in which the stresses areVarried by solid spruce members. 

, Thestf are connected, and built into one structure by two light 
sheets of three-ply veneer, rvhich form ilqd^es for the spruce' 
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columns, one shoot being glued to each fac<i of tho bulkhnnd. 
Referenoo to Pig. 13 will make Ihe construction clear. Tho 
gains witji this tyjje of bulklicad arc due to tho smaller amount* 



)f ^u^necessar^', and to the fact that, because all the grain of 
|be com{)ro 8 sion members runs in the direction of the stress, 
;ho material is^ost <<(?oc^ivoly used. 

In veneer lusolaga construction, tho hulkheads.in tho sear 
bCt pritacipally as stiffening fings in preventing distortion of ^ 
skin. As the^ cany only t^jse secondary stresses it is 
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Ifia. 14.—BrLKHXADS asd Lokoikoxs of Veseer Fcseeaue assembled os Jio eeadt foe Application of Skin. 
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po86ibie to make them light. Pivo-ply spruce of inch total 
. thickness, or five-ply miihogahy and poplal of Jhe same thick¬ 
ness, for i^stanee, i; suitable for most work. Pig. 13 illustrates 
some of the v^ious features that have been discussed. 

Coveri^ for Whigs and CmUrol Surfiices. —Plywood,* when 
used to replace fabric on acrohAls, lias several advantages. 
•One of these is the elimination of sag between ribs, this dis¬ 
tortion being ^nsidered detrimental to the elHeieney of the 
aerofoil. Anothij advantage is that with plywood there is but 
very slight pusi|ibilit^ of its tearing ksise from the wings* as 
sometimes occurs with fabrkt.® Again, plywcjud braces and 
stiffens the wing structure, distributes the stresses andfif not 
too thin, adds materially to the structural strength of the wing, 
making it possible to omit internal drift bracing, and to reduce 
the Bi7« of the spars,^ On the other hand, the jdywoo^f may 
warp or wripklc, though proper design a.nd caAi in t^e motliod 
of application should prevent this trouble. l5vcti the liglrtest 
plywood d( 4 velopcd up the present weighs atieast 2*to 3 
timestis much as doped fabric.^ Probably thb bc5t, very thin 
plywood so far designed is imnstructcd of Spanish cedar, and 
has a total thickness of inch. This makes it too thin lo add 
directly to the strui’tural strength of lihe ving. Tts principal 
use would bo on control «jirfacel, on Ahc aentif! section of 
the mairf wings, and on the upper surface of these! wings from 
the leading Alge back tojthe front spar.* 

Unless some greatginipjovemen^oceurs in the design of ply¬ 
wood for wing cover^ and in its wpplication, it canipt bo 
used on modern planes on account of its excessive weight. 

Spars .—Because of the shortage, during the war, of suitable 
i^nioe for .spars, many expiiriments have been madg to de¬ 
velop a plywood^patr NR such Section Kas ever approached 
iho efficiency ortho solid spruce spar. This is due to the large 
increase ih weight caustx} by the glue. Thg best types of 
Jaminated sp^i^tirodiiSbd^tre the box section, with %lid epruee 
flanges and about inch thrco-^ly webs, and the I-section 
with solid flanges and a web of throe, or possibly five, thick 
huninationa The Utilization oftn^tcrial of small section and 
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inferior quality is the advantage sought by the use of pljrwood 
in spars. It c^, h&wever, be more easily obtained in built-up 
' spars than in laminated ones. Spruce is^a matei|^ that is 
most commonly employed for spars, although birch is fre¬ 
quent^ used for the faces of the webs in box sp^s. The 
face plies in this typo of Ipar have their grain horizontal. 
The total thickness of each web varies ^m # i 
' ponding on tho depth of the spar, while the core thickness is 
about half this anjpunt. 



Struts .—^In order to minimize the effect of spiral or cross- 
grain in'' spruce, a laminatq|l constructtota ^ someUmes used 
in struts. Since the grain of all the laminations runs>in ^e 
same direction, this t 3 q)e of striioture is not plywood in the 
true sense. • There are usually but*4 6 lai^inations, each 
being J to | inch in thickness. The extr% weight of these 
struts due to the glue is a disadvantage. 

Certain kinds of strut frames, such as ^he “ N ” type toi 
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oabane strata, or the portal for iiitorplano stmts (Figs. 15 and 
16), which are capable of taking m’oment af the^ornors, and so 
may replqpe diago^jal or incidence wires, arc a combination of* 
laminated and pl 5 n¥ood cot^straction. In each member of the 
frame, f<j|r the greater part of its length, the gram of all the 
laminations is parallel to the direction of the stress, but at the 
*interBoction of the nmmbers the laminations are dovetailed, 
producing a pl^^j^ood construction in which the grain of the ad- < 
jocent plies is noiy;ly.at right angles. A unjj; frame of this type 
has considerably rigidity, but is appreciably heavier than*the 
usual combination of single struts and wires. Frpm the military 



point of* view, one'of its chief advantages is its ability to 
transmit byttorsion the joad from eitlyir the ftont or rear lift 
trusses, should onTs yf the trusses^ be shot away, to the unin¬ 
jured tmss. The elimuuitiun of *md incidence wires 
reduces to a tiertain extent the air resistance, especially with 
high speed plaqpa Another advantage of cqpsiderable im¬ 
portance obtained with this type of bracing is the ease which 
which a wing oelj be^gnedi The stagger of the wings, 
,and tj» docalage, if there is any, is practically fixed. How¬ 
ever, in case it is desirable to alter the stagger^for some reason, 
^this feature i%a diatdvyniage. 



CHAPTER V 
r 

THE MANUFACTUBE AND USE OF GLUES IN 

AEROPLANE CONSTRUCTION 

• 

This development of a waterjiroof g|ne which should 
meet tlie necessarj’ strength requiremenis and be thoroughly 
reliable has btjon one of the most important and difficult 
problems in our aeroplane programme. At the close of 
1917, the only glue that was accepted as satisfactory for the 
better grade of joint work was hide glue. And it did not 
possess any material wateqiroofing qualities, despite various 
attempts to maae it water-resistant by the addition of certain 
chemicals, but had to bo carefully iirotected from all moisture 
by several boats of varnish or sh^Uac. Casein and blood- 
albumin glues were mentioned in a survey of various available 
glues, issued by the Forest Products Laboratory, in the fall 
of 1917, when they took up the study of aeroplane glues for 
the Government. Both these, hewever, were stUl in the ex¬ 
perimental stage, and'wero neither '.cpcndable nor of sufficient 
stren^h. Since then the Laboratory has carried on Extensive 
development work, and in testing has co-operated closely with 
various manufacturers throughout the country who have been 
engaged on this problem. Though the results were at first 
discouraging because of the severity of the deterioration tests 
required, yet A.'ithin the last six months such progress has been 
made in the improvement of glue that it has been conclusively 
demonstrated that both casein anil bloo^-alb jmin glues,'when 
properly manufactured and applied, arc cqu^ in strength to^ 
all but the finest hide glues, are, for all practical piupoSes, 
waterproof, and are uniform and re’iahib. Casein glue, pari. 
ticularly, will be a very important future factor, not abno in 
aeroplane construction, but in rU high-grade joint work on 
which hide glues have he];et jfore l^n eiCployed. 

62 
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The present artiele treats each of the important glues in 
turn, briefly describing its nature and proc’ess of manufacture, 
and laying^special utress on the mixing and application of the 
glue and the precautions tp Iki observed to secure thy best 
results, ^is article is based principally upon technical reports 
prepared for the Bureau of Aircraft Production. 


Classification of Glues 

Glues may bo dMi(pd into the following general gronps:iho 
so-called animaPglues--wliich include hide, bone, and sinew 
glues—blood-albumin, casein, fish, and vogetaKle glues^ The 
throe animal glues are made from scraps of hide, green bones, 
and sinews of (tattle; blood-albumin glue from coagulated 
blood; (tasoin glue from curdled milk; fish glue from fish 
offals, bladders, and (Membranes; vegetable glides from ebrtain 
plant growtlts and substances, such os ca.isavaaroyt, (^ms, pnd 
doxtrincs. A further important classifictationdividcsadhcsivcs 
into true glues and cciflftits; the former on sotting merely 
give up their ex(tess water and do not undergo any permanent 
chemical change; while the latter not only lose their excess 
water, but alter their chemical nature,by chnnges,tliat cannot 
be reversed. This distinction further cjassifu'.s glues as non- 
watorpropf and waterprexS,* respectively. Glues may again 
be differentiated, according to their nature and the methods 
used in their application, a*s solid or liquid glues, and hot cr 
cold glues. 

Animal Glues 

Physical and Shemical Nature .—Glue is tbofirst product 
of the hy^lysis of animal connective and elastic,tissues. 
(Hydrolysis isa chcritical i%action*that occurs between a salt 
^d wjftor, in wRich the water^is decomposed and an acid and 
a base, or an acid and a basic salt, aro formed.^ When heated 
^ith water, tjirse tisAte^loso their peculiar structure,* swell, 
and finally dissolfe. Upon coolihg, this 8olution.jellie8, and 
dries into a homy, translucertt mass, of a colour, varying With 
theT purity of thc.flflock, from pq^o yellow to dark brown. 
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This dry glue will redisaolve in hot water and the aolution 
possesaes strorg a^esive qualities. No essential difierence 
exists between glue and commoroial gelatin, so extensively 
used ,in the preparation of foods and dniga The latter, 
being more carefully made from selected stocks, is r>i lighter 
colour and contains fewer impurities. These impurities con¬ 
sist of alight amounts of mineral matter, and, sometimesi 
grease, free acid, alkali, odoriferous substances, and certain 
nitrogenous materials grouped under thp- name of “non- 
glue.” Of these mucin, an impurity p'reseqt in the original 
glue stock that should be reilloved by tho preliminary treat¬ 
ment of the stock, is thought to bo tho cause of the “ foaming ” 
of glue. In addition to mucin, the non-glue contains nitro¬ 
genous decomposition products, produced by the hydrolysis 
that -occura when glue is subjected to prolonged heating. 
Nbno of these Eqibstances possess any adhesive qualities. The 
formation ot such products is the explanation of the rapid 
deterioratidh in the strength of, ever-heated -glue. Both 
gelatin and glue swell in eqld watdr, but do not dissolve 
until the water is heated. Their difference in adhesive power 
and their similarity in chemical and physical nature are 
difficult to account for. Glue etontains two essential con¬ 
stituents: glutiri, an'amorphous,, ddourless, tasteless, protein 
substance, soluble in water and of groat adhesive strength; 
and chondrin, rimiku to glutin,^ but derived largely from 
cartilaginous and young bone tissues, and not equal to glutin 
in binding power. Chondrin, though, not having as great 
gelatinizing properties as gelatin, is much more viscous and 
adhesive. G'/utin is more abundant in hidk glues, chondrin 
in bone glues, a fact that accounts for^the superiority of the 
former class of glues. ’ " 

MarvafacMire of Hide Glue .—Clippings from the hiSe, also 
the tail, ear, and head pieces, form the bulk of tho raw material 
used for hide glue. No tanned skin'or parts that have begu^ 
to “Spoil cafi be utilized. Briefly summarised, the process of 
glud-making from either hide, bene, or sinew consists of three 
steps: first, wariiing the 'dlksk and trea&ig it with lime to 
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lemoye extraneoua- material (with bone stock, tho material, 
after being washed, is usnally Crushed &nd extracted with 
dilute acid beforeJt is limed); next, boiling the stuck to con-* 
yert tho glue-forming subs^nces into a glue solution which is 
concentgated, and then jellied by cooling; lastly,‘slicing, and 
drying this jelly to form dry, cakfe glue. Though the process, 
• as outlined, is very simple, any variation in the many factors 
involved produces marked differences in the glue. i 

A somewhat igorp detailed description pf the manufacture 
is as follows: JTho glue stock, wet, or dried and salted, is 
washed, and then steeped for several weeks in, milk or lime in 
wooden vats or cement pita Frequent stirring of the iffaterial 
with long, forked stieks is necessary. Tho mass swells, and 
the fats are converted into lime soap, while tho hair, flesh, and 
blood are separated from the hide and partly dissolved, Tho 
stock is nqw thoroughly washed in tubs, Vitli mechanical 
stirrers to remove all lime, lime soap, and* dirt. Dilute 
hydroohloiio, or, better ^ulphuric acid that botlSplumpS and 
blea(!hes the stock, is "used t<^ remove tho last tiace of IShie. 
After any excess of acid has boon washed away, and the water 
dried or pressed out, tho material is ready for cooking to 
change tho collagen into glue. Durfcig this pro&ess the time 
and temperature must b* ^arefufly wiftchod, since long con¬ 
tinued booking or "actually boiling lowers the quality of the 
glue. Greise and lime .soaps rise *nd are skimmed off. 
Solid matter (hair,.dirt, etc.) sigks, and the liquor is drawn 
off through it. As ^11 the stock is not dissolved in the first 
liquo{, it is* cooked several times more in fresh waters to 
extract all th# glue. The first run yields *he best glue. 
Usually, 4 II the liquors are mixed to secure uniformity. Open 
vats, heated by dteam coifs, are generally used in this rendering 
pmosSs. * , 

Should the liquor bo fjpo thin to jelly, it i# concentrated m 
vacuum pas^S then*’ruii into coolers—relatively small, gal¬ 
vanized iron veeftels—and chilled by refrigeration*t 32° P» In 
twelve to twenty-four houis tho solution jellies. It i* now 
'turned out on a.^{kble, qut into^ces J to J indi thick by 
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tight wires in a frame, and the slices plaeed in single layers on 
wire frames th^t ate run invo drying rooms from which sun- 
‘ light is excluded. During this drying period the glue must 
be eantfuUy watched, for it is either very apt to mould or 
liquefy through bacterial action in too low temperatures or 
if the temperature rises abov c itO” to 105" F. it is liable to melt. 
But in clear, cold weather, owing to t}>e low hmnidity, the' 

■ temperatnn^ in the drying room may rise to HO" F. In the 
summer, very little glue is made owing to the impossibility 
of (irying the films. Should wet glue 'l)e frozen and after¬ 
wards driwl, it becomes spongy and porous. One day is 
roquirtffl for drying, and then the films are ready to be broken 
or ground in a disintegrator. 

MannfacMre, of Bane (Hue. —Fresh, green bones arc* the raw 
material for bone glue, which is very similar to hide glue. 
Tlip hones ans first sorted, then passed through a mill which 
crael:8 them dightly, and from there taken to the extracting 
plant for tk? removal of fat. This.pperation n^y be per- 
fop.ned by open boiling, by digestior. with steam at forty 
pounds pressure, or by extraction with solvents. The last 
method is in general use because it is most efficacious. Boiling 
leaves a gootl deal of fat in the hopes, and the second method 
removes, not on'y the fat,- but akjo a large portion of the 
glue-yielding substances. Benzine is the most oommon 
solvent. After extraction, the next,stop is treatment with 
dilute hydrochloric acid {sp^gr. 10,')] toj^issolve the calcium 
phosphates and carbonates. The cartilaginous matorjlal is 
now washed with lime-wator to remove any acid. When the 
washing is coqiplotod the mass is boiled in water or steamed 
in a digester until dissolvtxl. Any grease that, forms is 
skimmed or filtered off. The glue liqi'or rs then run into 
shallow vats where it is clarified by the addition of'jdum. 
After ton minut,e8' boiling it is allowed to settle, before being 
drawn off into cooling vessels, reffigtu'ated,tand dried as, 
previously described. Frequently, for the bwer-grade glues, 
benz'ne-extracted bones are directly boiled or steamed without 
the removal of the dirt a^^ grease. Aftc., the glue solution 
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is Buffioiontly conoentratod it is strained throngh cloth 
bleached by sulphurous acid, and cvapdtate^l at 140'’ F. in 
vacua, or^in open trouglis with half-suhiiierged sU'ain coils. • 
Tho process usi^d in making sinew glue is very like that for 
hide gli^. • * 

Fish glue is made by boiling‘at 2:{() ’ P., fish heads, tails, 

• and fins. Sincfi it hi^s very we*ik jellying pn>perties, it is ordi¬ 
narily made iqto liquid glue. The oileiisivc' odour of tliis glue* 
is destroywl by creosote or oil of sassafras.^ 

Either fish or anitnal glues can Ih“ made into liquid Allies 
by treatment w'ith acetic, riitiic, or hydrochloric acid, a pro¬ 
cess by which their power of gelatinizing is* lost, flie ad¬ 
hesiveness of such a glue is not materially changed, and it 
does not niquire heating. * 

Preparalum and Vse of Animal (Hues .—Very frequently a 
high-grade ^lue wdll'give very jioor n'sults, atimply becamyt it, 
has been misused in some w'ay. It is t.hero1’oi*i msK'ssary to 
emphasize, strongly th^t with all glues, for the highest'grade 
worl«, precautions and directions given in the tliseussioa of 
tho mixing ami application of a glue should be followed both 
strictly and intelligently. On unimportent work a reaSonablo ' 
degree of latitude is pctrm^sible. 

The required amount^ of glub and coltl wafer must bo 
weigheef out in tin?proja)rtions that have b<ien previously de¬ 
termined fer that particqlar glue, a| descrited Liter in the 
specifications, j|he f:^ue is in,the form of cakes, flakes, or 
riblyins, it should be brokim uji into small pieces about the 
size of peaa*and soaked, in a covered vessel with the proper 
amount of eoU watisr, until every partiek^ is thoroughly 
softened. ^ Occasional stirring is nwicssary to insure the water’s 
reaching every Wt*ot gliJb,* for if any lumps remain hard the 
prolonged heating, nccessarj' to melt them, seriously lowers 
the quality of tho glue. ^ Even for powde-rei^glue, the time of 
soaking mustebo at'Koaft two hours. 

The softened glue is transferrild to water-jackqted glu^pots 
in which it is molted as quickly as possible withouteover- 
> hbating. The bqA working tcii»p|rature of the glue is 140° F., 
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never above 150° F. The glue pota should be kept covered, 
when not in actual Und continuous use, to prevent the escape 
'Y)f water from the glue and the formation of a surface scum. 
Any scum that may form must bo removed. Never melt glue 
over an open flame or by the injection of live steam, because 
the local overheating injures the glue strength. Glue which 
has been heated for eight hours or longer must not bo used. 
•Likewise, any glue that has been heated at anv time, on any 
day, must be rejected and not used again. The glue solution, 
once it has been heated, should never b<C allowed to cool, for 
reheated glue has not the same tenacity as a fresh solution. 

The'Voom in which hot glues are applied should be free 
from draughts, and ns warm ns healthful working conditions 
will permit. The wood should be uniformly dry, and at least 
as warm as the room to prevent a sudden chilling and setting 
of 'the glue. Tile wood should, however, not bo heated to 
too high a 9omperature, since hot wood readily absorbs 
moisture froln the glue, leaving it dey, and thereby lowering 
its'elasticity. The wood surface should “fit” perfflctly, 
be U^tly toothed with a fine toothing plane, and be clean. 
The glue must bo applied to both surfaces of the joint, and 
spread freely and as rapVdly as is consistent with good work¬ 
manship. Special ca^e must be "Jexercised to avoid the 
formation of air bubbles in the joint, which break the con¬ 
tinuity of the glue film. These are due to carblessness in 
applying the glue or to foaming and frothing of the glue. 
Pressure should be applied quickly to, prevent premaituro 
jellying or sotting of the glue. A sufficient number of clamps 
must bo used ts distribute this pressure evenly over the entire 
joint that the surfaces may bo in close contact at all points. 
The intensity of the pressure should bValasut 160 pounds 
per square inch. From five to twelve hours, d^ending <«i the 
character of the work, must elapse before the clamps are re¬ 
moved,* and not for twenty-four hours nfify any<'Bndden strain, 
be pnt upon the joint. If the glued surface iB very large, or if 
thereare many laminas of wood, provision should be mode for 
properly drying the wood. , Ifc the case of 411 hot glues, pard-' 
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[jularly, care must be used in maintaining sanitary conditions 
in the mixing-room and gluo-robm; all ^uo jiots, containors,' 
md brughes muE|^ bo washed at the close of each day’s work* 
fill scraps of^lue about tly) floors and tables must be removed. 
Unlesa^these precautions are rigidly observed trosh glue is 
liable to infection by bactcriS which seriously impair its 
ciuality. Gfood glue has a clean odour. Decomposed glue 
must be rejected. • 

Hide glue of good quality, in spite of c|;^rtain disadvantages, 
is recognized a^s beiflg superior in stnmgth to any other animal 
er vegetable glue. It is, therciforo, used for j)ropoller and all 
other high-grade joint work. Decausc of itk lock dt watcr- 
proofness it must be thoroughly protected by varnish or 
shellac. Bono and sinew glues find use in less impoAant 
work: vegetable glues are extensively used for fumitpre; fish 
and other, liquid glues whore strength or fifliabiUty arrslcsfv 
necessary. 

EggtSJid Blood Albumen 

i • 

Chemical Nature .—The white of an egg is called albumen, 
and its chief constituent is what is known chemically as* 
albumin, a viscous, nitfogenous lubstaace, Similar to the 
albumin of blood-serufti^ Egg alitumen is mode up of 
84 0 pA cent, wafer, 11’9 per cent, albumin, 3 0 per cent, fat, 
etc., and 6 per cent. a^h. (In furthsir discussion the general 
term albumen will bo,used t(g mean albumin.) Albumens 
combine with bottg acids and bases to form acidic or basic 
salts^ albuWnates. With water they form ptirfcctly clear 
odourless solutions. • 

Matiu^ure of Egg Albumen.—Egga are brokep and the 
whites carefully K'porated from the yolks. To obtain the 
clesi* albumeR the whites^are strained through silk gauze 
lining the drum of a pentrifugal machine, and allowed to 
settle for thirty to*i(oiJ>y houra (The drums of thi»machine 
must be lead liribd to prevent chbmical action.^ .An altcmativc 
method of clearing the all*imcn is to cool it in iron vesnels fgr 
five to six day8.A a loMC tempei^tuie; a little tannic or acetic 
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acid is sometimes used in the clarification. The clear albumen 
is dried as rapidly as possible m a stream of dry air or in vacuo 
under 120'^ F. (above this temperature the albumen turns 
yellow). Within four to six hours this process iscompicted, and 
the albumen is obtained in the form of thin, clear. ,elastic 
sheets. About 100 to 125 oggn an! requirtid to yield a pound 
of the dry albnm<!n. 

I The. methods of producing Mood albumen anj very similar 
to those just described. Fn'sh blood from eattlc is spread 
in shallow dishes, and a separation occurs between the fibrin 
of the blood and the pale yellow serum. After this is com¬ 
plete, the serum is strained through silk gauze lining the drum 
of a eentifrugal machine. As wdth the egg albumen it is 
allowed to settle thirty to fortj' hours, when the albumen should 
bo quite clear. Jt is then dried in the manner outlined above, 
andiforms flakes,-varying in colour from grey to black accord¬ 
ing te. the purity. I’ho purest is of a greyish yellow colour. 
The blood from one cow will yield slightly less than a pound 
of the dry albumen. 

A very puH‘ albumen is obtained by forcing the sc'mm 
through charcoal filters and precipitating the albumen by basio 
lead acetate. After washing, the precipitated lead albuminate 
is decomposed by carbonic acid anel the lend removed by 
sulphuretted hydrogen. The albumen is then filtc)d!d and 
dried as before. j . ' 

Albnm.fn Glues 

Prejaration. —Formula: for the preporstion of these glues 
are still kept secret, both by the trade and the laboratories 
working on gluf development. The dried albumen of course 
forms the chief constituent and to it are added ammonia and 
lime. In preparing the glue the dry albumen is £)oaked for about 
1| hours, and then stirred in a glue mixer for a few momfents. 
Ammonia is added, the mixture again stirred a short time, 
and the lime in dry form slowly introduebd white the stirring 
continues at low speed. After standing abont an hour the 
glue 4a carefully poured from under any scum that may 
have formed on the top and,is'ready for ueiJ. 
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Application .—^Albumen glues must be applied hot, and the 
precautions necessary with all hift glues hltvc^ be observed. 
The roonj should Ijp warm and free from draughts, and the wood* 
surfaces at room tempi'raljire or above. A mot^hine syreader 
is used jn applying the glue, and 8]jeeial hot presses are re¬ 
quired for pressing and drying tln^glued ])artB. A eonsiderabl(! 
degree of care and skill is neecssary for satisfactory results. 
Attention shoyld be called to the very deleterious eifects of' 
foaming with al|juipen glues. Foaming qi largely due to the 
air that is ground iifto the glue by the spn-ader. W'ith extra 
thick spreads of glue the pookets of air foryied during the 
pressing are larger than with thin spreads. \Vherevi!r such 
a pocket occurs there- is no contact between the fa<!e8 of the 
joint. Foaming seriously impairs the strength and wa{(!r- 
proofing properties of albumen glues. ^ , 

Like casein glue, albumen glues are not ^Ines yithin *be 
strict meaning of the L-rm, but me cements; *that is, ti]K)n 
setting th(jir hardeiiing,i8 due, not merely to th#evaporation 
of wfcter in the glue, but to changes in their cltcmical com¬ 
position. The presence of water will not, as in the cas(! of 
animal glues, cause them to softc-n after setting has^once taken 
place, because the ehemjcal changes that have occurred 
cannot be reversed. AlUh^en glues aAi tlnsrefore pr.Tctically 
watcrprbof when properly mixed and applied^ They are also 
very strong*, even supcriur.to hide and caseui glues under the 
best conditions, bui be^anse of^he care that must be used 
in tkeir application ^bumen glues are not so reliable as other 
types. Thoir chief use, is in the manufwturc of plywood. 
Bloocf-albumen (glue is much mons widely ased than egg 
albumen, ^since it is less expensive. 

Casein 

Chemical Nolare.—Ga^in, the chief constituent of cas-jii 
.«glue, exists ip «ro8h Aiilli in a state of suspesnsion, as'coUoid 
and is so finely divided that it c*an be 8eparatcd*by liltratioi 
only with gireat difiiculty. {lighty-five per cent, of the plbteii 
•of milk consists 0 /this spb8tanc% W’hat is called casein 0 
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miik appears to bo a compound of casein with lime that may 
be regarded as gcnei'hlly a weiak acid. Casein can be obtained 
‘from milk in two ways; by treating the milk with ap acid, or 
by curdling it with rennet. When milk is acted upon by an 
acid the linie casein compound is split up, and paraj^ascin is 
precipitated in the form of oih'd. Casein combines with strong 
acids, acting in their presence like a weak b.aae. In the curd- 
' ling of milk by rennet, first the enzyme of rennet splits the 
lime casein into parficasein, the curd, and whey albumin, then 
coagulation follows if lime salts are present. “ Self-soured ” 
or “ natural sour ” casein is skuilar to that produced by an 
acid. *Milk is Spontaneously soured by lactic acid, produced 
by the action of lactic actid bacteria on milk sugar. Consider¬ 
able differences in physical and chemical properties exist be¬ 
tween acid and rennet precipitated curd. The former does 
not contain any'limo salts, biKtause these; are all dissolved by 
the acid. Tbb rennet curd is mon; elastic and is not sticky. 

Keference'to the Covernmont specifications on casein, given 
lat4r, show the general proportions of some of the conutitu- 
ents. The percentages of the elements presi;nt in cow-milk 
casein, from analysis of a pure sample, are as follows: 


V 


Per Cont. 

Carbon 

d 

.. 52-i) 

Oxygon .. 


.. 22-6 

Nitrogen .. 

4 . 

.. :.5-6 

Hydrogen .. 

. . 

.. 7-0 

Phosphorus 


.. 0'86 

Sulphur .. ' .. 


.. 0-77 ■’ 


Manufacture of Industrial Casein.—As indicated above 
there are two general methods for the precipitation of para¬ 
casein; the first and more importaitt is theoacid, or natural 
sour process; the second the reimet process. This -Jatter 
method has not. been approved by the Government. Acid 
curd is- precipitated from the 8 kimm.ed”milk by lactic acid, ^ 
or hy either dilute sulphuric or hydrochloric acid. The 
yolletrish precipitant is redissolved in alkali (sodium bioar- 
boniate) and reprecipitate^ iwith dilute' acetic acid. The 
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curd then is well washed and {massed, after which it is stirred 
to pulp with water (100 parts curt! to 50 iA,rts,water). When 
this operation is cjmpleted it is sttiaraed or cooked twenty-fivo* 
to thirty minutes in a wooden vat with about 150 parts of 
a 1 per cent, solution of soda to remove tho lactic acid and 
butter fat. Upon heating, the* mass forms a thin, milky 

• fluid which is transferred to a separate vessel to cool and 
there precipitated by dilute nitric wid. The casein collects • 
at the bottom, ^he, supernatant liquor is^drawn ofl, and tho 
casein is rinsed with»watcr. The casein is allowed to settfe in 
the water, whicii is then very gently poured off. This opera¬ 
tion is repeated until the wash water is nouWl, wiiTcn the 
casein is drained on filter cloths, pressed, and dried on trays 
in drying chainIxtrs at 120" to 140" F. Out hundred parts curd 
yield forty-five parts of jnirifuid casi in. free from laetje acid 
and butter ^fat. If the proccdiin* just outlfkieil is carefully 
followed, no trouble should be encountered itf nuHiting* tho 
Govermneijt requiremepts as to acidity, or fat dhd moisture 

, contents. 

Ejector Mellunl for C'cuiciii Mautifaclure .—The latest 

• modification of the natuml sour or lactic acid jiroooss is 
known as the eje<-tor niefjiod. It fionsists in firecipitating 
and collecting together wr^isolating tlft; casein irarticles by 
means erf live steaiVi jiassed through tho curdled milk. The 
comment o6 the Forest £qKlucts Labsratory on this process 
is given below. 

Ctviom can be niai^o sucicessfully rfroni skim milk with tho 
ejector mctffbd of precipitating tho curd, but care must bo 
taken *in allowing the skim milk to curdle before heating, 
or a tough, rubbery curd, iiujiossible to handle, wijl result. 
When skim milk .is ^ftwoc! to curdle by the formation of lactic 
acid ^d witboSt agitation, then there is no trouble in getting 
a clear and quick separation of the cord which can be bandied 
,wcll in every^ jespectV fho curd irom naturally enured skim 
milk, separated by the ejector method of heatings is not only 
handled as easily as that prqpipitated with sulphuric acidfbnt, 
iatiot nearly so tm^h nor so hard ,|o grind. 



64 


THE MANUFACTURE AND USE 


Thu quality of uascin made by the ejector method is euperior 
in many ways,to that roodh with the acid and cooked-sour 
Methods. It shows better strength, dissolves morp readily, 
and retains a fluid, viscous body at. room temperature, giving 
it bettor working properties. When dissolving acid apd cook- 
curd casein, comploto solutidh is retarded by the formation of 
a heavy, short, viscous body, which, upon cooling, has a ' 
"decided tendency to congeal and lose its .fluidity, more 
especially the cooked-curd casein, making ,jt very difficult 
to mix well with other solutions in the coisd. . 

t 

Casein Glue 

Chemical Nature .—In all the various formulie used in the 
preparation of this glue the main constituents arc casein, lime, 
and sodium silicate. In the presence of water the alkali reacts 
withrtho cascit. to form new compounds. The waterproofness 
of casein glwc is due to the fact that ..after the glqe has once 
setethe chemical changes which occur during the mixing and . 
setting cannot be reversed. From the analyses (made by the 
Chemical War Service Laboratory) of two typical casern glues ■ 
con be obtained an idea'of the var.iouB constituents and their 
relative proportions. ‘ > 



Jie Uriu ilville G. ft. H. 

Ghm Laburatory Giuo 

Casein 

. 36-00 

■ 44-65 

Calcium hydroxide .. 

23-80 

27-00 

Sodium silicate .. ' 

' 17-(K) 

14-85 

Onm arable 

•5-50 

7-55' 

Moisture .. 

5-30 

5-05 

Cabium cprbonate .. 

8-00„ 

' 

Ammonia (free) 

1-25 


Iront aluminum,* magnesium 



(as oxides) 



Undetermined 

1-(S5 • 



100-00 100-00 

The “ Lo ,(}randvillo ” glde was a new, French, propeller 
jgluo-fv the C.W.S.L. glue one that was devebped by the 
Laboratory as an equivalent <«f the Frenclbgiac. The casein" 
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used in the Laboratory glue was designated as “ self-soured,” 

“ extra-fine,” casein, and the liifie was tjchnically pure;. 

Since tjjie special methods of manufacture of casein glue a# 
well as the formula! omplqyed are still trade secrets, the jjro- 
cedure Allowed by this Laboratory is of interesf. One junt 
of gum aiabic was dissolved in five pints of 40 per cent, com- 
* mercial water-glass ,(sodiuin silicate) and evaporated over a 
water bath ^11 dry enough to grind. After grinding to* 
60-mesh, the syicate gum-arabic mixti^ir! was thoroughly 
mixed with ea^ium*hydroxide of 150-mesh size and casein of 
40-mesh size in the following proportions: easijin 40, alkali 25, 
gum mixture 20. Tliis mixture dissolves readily lii (!old 
water, more easily in fact than th(‘ “Le Grandville” glue, 
and furthermore it does not “ gel ” as quickly as the latL'r. 
The amount of water added to the mixture was 10 pafts {by 
weight) of fjrj'glue to 22 parts water. * ^ • , 

Mixing of Casein (Hue .—To obtain satisfactoi^ results’with 
casein glu* it is of extj^me importance that thi*glue be pro* 
perl)^ mixcxl and applied. T^e directions issued by the best 
manufacturers with each brand of glue can be relied upon, 
and should be carefully followed. ^ ' 

Thorough mixing befor* use of flic contents* of a freshly 
opened barrel of prepaid^lue is advisable in all cases, be¬ 
cause id shipment the heavier ingredients ofJ,hc glue tend to 
separate oAt. THic cortents of the •barrel, or barrels, are 
emptied into a box of guitablo aize and turned over with a 
cleeA shovel until th« mass is unifolm throughout. 

Rapid stirring daring the first few minutes of mixing, is 
necessary with casein glues to prevent the fornmtion of lumps. 
Fur this j:eason the slow machines used for mixing animal 
glues are unsatilfactory. The best type is a vertical, coin- 
' pound movement power mijer of variable speed, similar to 
the cake mixers used by .bakers. In such a machine the glue 
»is .mixed in a lelativ^y ^rnall, d^aehable ketUe ^hat Is easily 
removed and cldhned. The small size of the kettle makes it 
possible to mix up no more^than will be used before th^glu^ 
•hardens so that it.^nnot be spreads Except for larger work, the 
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glue should be furnished the men in one-pint, enamelled iron 
cups. CopjKsr, ))ra8i>, or aluminum Tossels should not be used 
(nr mixing casein glues, as the alkali in the glues attacks 
these metals. To prevent spattering of the glue outside the 
mixing kettlh a metal hood, fitted with a feed "hopper, will 
b<! found effective. ' 

Since, with very slight modifications, tjie procedure used in 
'mixing Certus glue can be adapted to other casein glues it 
will be given hcre.^ The requisite amounts of water and 
glue',' which are in the proportion of Hi parts by weight 
of water to III parts of glue,'arc carefully weighed out in 
separafo containers. Owing to sHght variations in the dry 
glue, this proportion may have to be altered slightly to give 
a glue of uniform consistency. The water is poured in the 
mixing kettle; the machine speeded up to about 360 to 460 
r.j 'm. of the’ bhlde, which foi most mixers coin-sponds to 
about 140 r.pkn. of the vertical shaft, and the glue gradually 
introduced through the hopper. It ,is of gieat importance 
to avoid the'’formutiuti of lumps. Tlie rapid stirring is con¬ 
tained three to five minutes after the last of the glue has been 
added.'' The, mixer is then stopped to permit the scraping 
down of any'glue that mfiy have spattered on the sides of the 
kettle. When tins hUs been done -'he machine is again set 
in motion, but at a slower sjieed (60 to !)0 I'.p.m. of the shaft), 
and stirring kept up ter at least .^en minutes, or until all 
the fine portieles of casein afc dissolved. The purpose of the 
redaction in speed during this second^ mixing is to allow 
the escape of air bubbles that may have been whipped 
into the glue. Should there still be an appreciable amciunt of 
air in th^e glue it is advisable to permit the mixture to stand 
a short time before using, so that the air'can separate Some 
casein glues require the addition of various ingredients singiy, 
and it is neccssnry to change the above practice to conform 
to the manufacturer’s directions. 

0.ti important work it is best not to make any changes in 
the ' jusistency of the glue. But. if the mixer is familiar with 
the nature of the glue being i^sed, it is peitnissiblo to alter Itr 
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coDsistcncy before the glue has been nunoved from the mixing 
kettle. In case the glue is too'thiek, ah extra part or two 
of water ^may be ^dded, or if it is too thin a small amount oft 
dry glue may be put in. _ Stirring at a slow speed should be 
kept up^a few mifiutes until the. watt>r is thordhghl^' incor¬ 
porated in the mixture, or the glw'oomjdettdy dissolved. With 
> a glue in which the different constituents are added si-parately 
this method cannot be followed. It is possible, however, tot 
mix up a thick ^lue and add this to th^* thin glue, but the 
practice is not gcsid.* * 

A pplkatmi of Casein Olue.-r'rhv n-sults of tests sliow that, 
at any time during its working life, good results may'^br- ob¬ 
tained from normal glue. Jn fact, the stn^ngth of the glue 
increases witli its viscosity. Hut once it has becomi' too tMek 
to spread properly the remaining glue must be i-ejected. The 
working life of cast'in glue varies w'ith different branils; 
Oertus is one of the more satisfactory in ‘this rt-sperit, as 
usually it ^is workable ^for four to five hours alter mixing. 
Libeaal application of tlic glue to all the surface Bf both fuces 
of the joint gives the best results. Some /tluc sliould sejueeze 
out of the Joint when pressure is applied. The clamps Should 
be put on as soon as possib|(s not tnoKs than ten ihinutes after 
the spreading is bf:gun, ck'lK-nding on the kind of wood,* the 
amount »f glue used; the tempeJatune, and the glue consistency. 
About liiO pounds per sq^re inch is a juitabli^fressure; more 
than this tends to squeeze the jo^t dry'of glue. 

Tl^ minimum time^the joints shoidd be kept under pressure 
is about threS to five hours, varying with the size of the glued 
surface. Upon ijimoval from the clamps the wpod should be 
dried to remove the moisture added by the glue, particularly 
if varuish is to be 4 ip|»aed. • *b'ull strength and waterproofness 
are nojfc attained until about two weeks after the gluing. 

The most essential precautions may be briefiy summarized: 
j,l) Mix thoroighly «aeh barrel of glue before ‘using. (2) 
Weigh the glue a»d water; do nc* measure them^ (3) A\oid 
lumpy mixtures. (4) Avoid mixtures which arc too ij|ick 
9 r 4oo thin, (d) Mix until all tt^e^fine particles dissolve and 
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1 smooth mixture is obtained. (6) Do not attempt to uSp 
jlue after it has ‘become 'too thick to spread properly. 

7) Never thin or thicken glue once it has left the mixer. 

8) Ke^'p all bnishes, kettk's, and. pots sanitary to prevent 
bacterial infection of the glue. 

Factors Affecting the Quality of Cittwin 

The variations in caseins from different souoxts, or even in 
juogessive shipments from the same mamifacturer, are often 
30 great as to make necessary changes ih standard glue for¬ 
mula if satisfactory results are to be obtaiced. Regulation 
and standardization of the processes used in the production 
are essential if casein glue is to be made reliable in strength 
and waterproofing qualities. 

The Fores;! Products Laboratory has recently completed 
cx'iensivc cxpei4'meutal work on this subjetit. It was found 
that", for the purjmsc of controlling the quality of the producti 
the followifi^ properties terve as si'itablc criteria: colour, 
odour, fineness, and moisture, ^sh, nitrogen, and acid co&tent. 
Their C/Onclusions may be summarized as follows: 

]. Lack of uniformity in commercial casein is due, partly 
to lack of care in skimhiing the -nillt, drying the curd, and 
grmding the caocin,^!^ largely i? is due to the ililleront 
methods used in precipitating the curd and to iifsufficicut 
washing of the curd. ' .. '' 

2. The fat content shoi'ld be as low as possible since, 
though it does not affect the waterproofness of the glae, it 
decreases its strength in proportion to the amount of fat 
present. 

3. The acidity should also be kept low because acid afiects 
unfavourably both the strength and waterproofness of a glue, 
increases the time required to dissolve the glue, and decreases 
its working life 

4. The fact that ash (m'neral salte)' is ineru matter makea, 

it undesirable. ‘ ' 

V: Casein which will not pass a 60-mesh sieve does not dis¬ 
solve readily, must be aL’orred to stand''considerab]y loilgtr 
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before using than finer casein, and is not of such high 
strength. • • < 

6. To ^produce casein of low acidity, low ash and high 
‘ nitrogen contents the curd must bo thoroughly wadied; 
with the natural sour methotl throe or four tvashftigs arc 
enough; with an acid curd cookiAg is the only safe way. 

* 7. The sole method at prfisent of producing a consistent, 

low ash content is the so-calle<l ejector process. Further, 
study of acid methods will probably develop moans for better 
removal of the ash.* • 

8. With care in the manufacture, and proper control of the 
product by chemical anal.nsis, a uniform, commerciifi casein 
can bo readily produced at the present time that will conform 
to these specifications; • 

Colour, white; ash content, 2-5 per cent, (max.) on a 
moisture-free, basis. * 

Odour, sweet; fat content, l-S per cent, (ratfx.jion'a moisture- 
free basis.^ ^ 

Fineness, 60 mesh;#nitrogen content, 14-5 pc* cent, (ipin.) 
on a moisture!, fat, and ash-fAe basis. * 

Moisture, 8 per cent, (max.); acidity content, 2-5 c*. N/10* 
alkali per gram (max.) oi^a moistuve-free basis? * 

Testing of Qlue 

Two general types of tests have bcjpn dev?loped, each type 
designed to serve a different piypose.' The first is primarily 
forjihe glue or aeroplane manufaetprer who must have simple, 
inexpensive?, and rapid means of checking up, from day to 
day, 1;hc relaticje quality and uniformity of hi| product. The 
second is essentially for a well-equipped, experimental 
laboratory for yi^]purp63e of determining, by more or less 
, elabgrate and'extended quantitative tests, the suitability of 
certain glues for specific uses, or of developing and improving 
, new glues. ^ Viscostty, ^jelly, octeur, foam, and* litmus tests 
fall under the •first head; shemr strength rfbej the vwious 
deterioration tests come under the second. In doiqg all 

• testing work it is’extremely injpgrtant that average working 
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conditiona be closely followed in the preparation of the test 
specimens, for (^herwise no indication is obtained as to the 
actual commercial product. If comparative re8ul1|i are to 
bo obtained it is necessary, in each test, not onljj, to have the 
strength of tile glue solution the same, but also the copditions 
of temperature and humidity. In the preparation of speinmens 
for shear strength testa care should be taken to use wood of 
Viniform quality, and to have the surfacing of Jihc joint, the 
spreading of the gliw, and the pressure aa.nqarly uniform as 
possible. 

Animal ffZit««,r-Sincc these giues, even wfien treated with 
formaltfchyde or potassium bichromate to render them in¬ 
soluble, are only partially water-resistant, and therefore must 
always be protected, severe deterioration tests arc seldom 
made qn them. Most of the testing is on those properties 
whfch are ipdexet of the strength, covering power, Sjnd keeping 
qualities of the glue. The determination of the moisture 
content is of'ealue in indicating the ejastinity of a glue, or its 
pow'er to stretch slightly without fratture. A dry ghte is 
low in elasticity, and, though it may be very strong under 
steady strep, it fractures readily upon sudden application of 
even ^ a small load. Thfe moisture, content varies between 
5 and 18 per cent., bill with a gqod' glue it is not less than 
10 per cent. The. “ water-absorption power ” of a glu^, or the 
amount of water a giv»n amount «Ldry glue will absorb in 
twenty-four hours, is, to a certain qxtent, a measure of its 
quality. Generally speaking, the lower,the absorption, •the 
better is the glue. Another property that is usually in¬ 
dicative of the'character of glue is the viscosity of a solution 
of specified proportions of water and glue. As a rplc, glues 
of high viscosity are of high quality*' an<f strftigth; hide glue, 
for example, which is more viscous than bone ^ne, is su^rior 
to it. Another common teat used fo check up the quality 
of a glue is Ihe^ determinatii^ of the,co{!sistenty, or strength 
of a* jelly prepared in a specified mannoi'. Strong glues 
ppuafty have high jelly strength, though this is not invariable. 
The ease with which a gluf. Eiay bp spread, or its covering* 
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power, is another property of much int('rc8t. This may be 
estimated from the watcr-absoaption, viscosity, and jelly 
trength. Tlie covering power is high when the water-, 
.bsorption is low and the viscosity and jelly strength high, 
fhe keeping Tjuality of a glue is one more important tdiarac- 
eristic. * Decomposition is due do bacterial action, and a 
light acidity of the glue, which is unfavourable to the growth 
»f bacteria, is desirable. Whether a glue is acid or alkaline ^ 
s determined 6y testing a solution with litmus paper. 

The tests menliorsid above are of a qualitative natureaind 
lerve only as general guideg^ Below are given briefly the 
nethods used in making tlje tests required bV speeifi#ntions 
'or glue used on Government work. 

TmIs far Hide, (ilye.. —1. The viscosity is determines! .by 
illowing 200 ce. of glue at a tomperature of 140" P. to flow 
through an orifice. • The time required fo^ wRiter tb flow 
through is faken as the standard. 'J'he appibvjjd itistrupient 
for this test is the Englor visciosimeter. 

2. .The jelly strengtjl’is determined upon a mixture o^ 12 
parts water to 1 part glue.* The glue*is 8oak<!d, melted, 
ind poured at once into a vessel of standard shape and sise. 
ft is then allowed to stand at least# fift on hour!? in a refri¬ 
gerator at a tempcratuiH'between 40"»and^r>0‘'P. The? test 
is made# either by compafing the relative strengths of two 
or more jellies by pntssing the jelly with tRe fingers, or by 
cAusing a small plunger to> sink down in the jelly a certain 
distance, and noting the’ weight required to do this. 

3. The Wht for grease is mode by mixing a dye with a 
portidh of the glue and painting the mixture^ on a piece of 
unsized white paper. Should the glue contain no grease the 
painted Streak jriN‘haw* a uniform appearance, otherwise 
it appearsmottled or spotted. An excessive amount of 
grease is undesirable becausd grease has no adhesive qualities, 
but a small »monidi helps to prevent foaming, particularly 
where the gfue i# to be used in f/gluing machibc^in which it is 
agitated much more than when applied by hand. 

• 4. The test for foam shall be miwle on the sample usedlfl 
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the viscosimeter. The sample, after being heated to 140° F., 
shall be beaten for,one minpte with a power egg-beater, and 
, allowed to stand one minato before the height of the foam 
is measured. Glue that foams badly is objectionable, because 
air bulrblcs are liable to get into the joint and r&iuce the area 
in which the glue is in contyet with both the joint fibes. 

5. The odour of the glue when in hot solution must bo, 
sweet, and remain sweet for forty-eight hours—^that is, free 
from any suggestion of decomposing animal nfattcr. 

(It The adhesiveness of a glue is deVirnfined by a shear 
strength test made according to the followii^^ specifications. 
The specimen^ used in this test shall be of maple with a 
shearing strength of at least 2,400 pounds per square inch, 
which requires a wockI weighing SO pounds, or more, to the 
cubic foot. The dry glue shall be mixed with that proportion 
of water which,gives the strongest glue, and applied to the 
wood in a ii^amier in accord with the best prAtitice. The 
glued block|, shall be put under a pres.sure of about ISO pounds 
pe^ square inch for fifteen to twenty ‘^ours, ond when jjhis is 
removed they shalUie allowed t!, stand for six days more before 
testing. They shall be tested to destruction in a standard 
testing machine. This, specification covers shear tests for 
animal, albumen, aii4 casein glues., 

With the exception of the last, Vhe above tests aro.not used 
for waterproof ‘glues. 

Delerioraliim TMto.—Beside tho^shear test just described, 
waterproof glues are subjgctod to th'e water test. Spoeiyucns 
prepared exactly as for the dry shear test, and ‘srith no pro¬ 
tective coating whatever, are soaked for fifteen hours irf water 
at 70° F. They are then tested in shear, without any pre¬ 
liminary drying, within thirty minutet ijfjpr their removal 
from the water. 

For waterproof plywood panfels further deterioration tests 
arc required. ( 1 ) The boiling test:'two,speeijjiens are boiled 
in water for Hsrenty-four hiturs. Tfie plieq should show no 
sign^_ of separation at the end of this time. This is an ao- 
'cclerated soaking test, and has largely suj(ierseded the latter; 
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(2) The baking test: two specimens are baki^d in an oven at 
212° F. for twenty-four hours. The bakir^ test may be made 
separately, though it is common practice to subject specimens, • 
first to iJie boiling test, and then to th(' baking test. No 
separation of* the comers or plies should occur in tlds teat. 

(3) The*soaking test: two specimens are soakiHl two weeks 
, in cold water and their condition noted from time to time. 

It may be said in general that panels mode up with animal, 
glues, when unprotected with varnish, will never stand the 
soaking, boiling,* or Jliaking tests without sctIous injury, •lind 
for the most jlart without e^jmplcte failure. On the other 
hand, the best grades of bojh casein and albumen glufli show 
very little or no deb'rioration under any of these, or other 
deterioration tests. . 

Strength Test Date.—In the standard shear trat with maple 
blocks, individual speiumcns will give maximivn §lue 8ti*engjhs 
of 2,(i()0 to' 3,000 pounds jier square inchf viith*minipium 
values of 1,800 to 2,200 jiounds per square inch forjiide, casein, 
and jfrlbumcn glues. , * • , 

Tile, strength of glue as fletennined •by shear L'sts on 
throe-ply veneer qiecimens is very low by contrast. Tt^-anges 
from about LTO pounds per sqnarc»inc! to 400 pounds per 
square inch under favqiirable conditions.^ They majf be 
tested in an ordinary cement brhiuctte testing machine, 
bnt spcchij means of gripping tl^c speAmen must be 
provided, so that the pull wHl be kejit parallel to the 
direction of the joint, tt this is nqt done the plywood tends 
to bend, bcBausc of Ihe eccentricity of the loading, until the 
pulls hre in lin^, and failure occurs from a combination of 
shear and cleavage. Tliis effect is more pronounced as 
the thickfless of,tl*^licJ;*and hence the eccentricity of the 
pulLt^ increasoB. 

Borean ot ^cralt Ftodnetion Specifications Jor Glues 

No attempt be iSadc to j^ve complete,*detailed speci¬ 
fications; only the more important requin'inents wi^ be 
mentioned. 
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Hide &lue Certified for Use in Aeroplane Construction .— 

(1) The glue nyust he a high-grade glue, sweet and free from 
'any deleterious snbstanees. (2) The glue ||hall be tested, in 

accordance with the methods previously outlined, by com¬ 
parison' with a standard sample furnished by the Forest 
Products Laboratory, for adhesiveness, viscoMty, jelly strength, 
greasf^, foam, and odour. (3) The glue used in the adhesive- 
tness test should be mixed with water in fom proportions, 
by weight; , _ ^ 

Water .. 2 2i‘ 2^ 2| 

Glue .1 1 f 1 

/ 

(4) That proportion of water which gives the greatest glue 
strength shall be used. For this best proportion no specimen 
may fail at a load less than 2,200 pounds per square inch, and 
the ayerage^ shearing strength must be 2,400 pounds per 
■ sqfiare inqh. 

Handling hnd TeMing of Hide Glue. —^This speeifloation 
covers the rfiethods and precautions j* be used in the propor- 
tiohing, soaking, melting, and,applying of hide glue. These 
have been given in detail in the section treating of hide glue. 
A shear-strength test must be made to ascertain the quality 
of t^ie glue and the character of the work being done. For 
test specimens, l-inc£ boarda, o^ tlic same class of material 
as used in the W(^k on hand, shall be glued up under the same 
average conditions as those undcr.«>hich the regular work is 
conducted; no q)ecial precautions mqy be taken; these boards 
shall be clamped and driAl, as for the unual shew test. ' Ten 
specimens shall then be cut out and tested immediately. 
In at least eight specimens the strength of the glue ^all not 
bo less than that of the wood. . 

• t t « '• 

Casein for Casein Aeroplane Glue. —(1) Tllo casein shall be 
made from straight skimmed ipilk of low fat contenV, and 
free from starch, dirt, and other foreign material of adulterants. 

(2) The casein^^shall be precipitated by "lactic Wid, sulphuric 
acid^ or hydrochloric acid methods. (3) The precipitating 
,*<:niperature should bo about 120°, F., never more than 130° F. 

^ t 

Only sufficient acid to sccive'a clear separation shall be usra.* 
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The curd shall be well pressed, and dried without delay to 
prevent moulding. Casein made from niohldy^curd will not 
be aouepM. (4) yVith the siil])hurie acid process of precipi¬ 
tation, the cooked curd method is preferre<l. The temperature 
of cooking shaft be about 1!M)'’ to 1!).')“ F. (5) All vhts, e^oths, 
and other apparatus employt'd in obtaining the curd jnust be 
^aahed each day the etpiipinent is used. (0) The specifica¬ 
tions as to the properties of caseun. and the proportions oi 
some of its constitjients, follow closely ^thc sjM'eaficiition* 
suggested by the Foit^st Producsts I^aboratory in the sectfor 
“ Factors Albscting the Qualitj* of Casein,” though allowing 
in some instances, slightly more leeway. * * 

Casein Clue, for Aeroplane. Consiruelum. —(1) The certified 
glue shall be in the form of a powder, not coarser than 50 mei^i 
(2) It must consist principally of c(!rtified castan. (3) Tin 
manufacturer sliall iweparc definite instructians* for mixi')^ 
the glue, and when these' have been a])provcS they must b< 
exactly followed. (4) 'flu- test for adhesivene* shall hi 
made ion four standard «hear syeeimens, prepared and testi'c 
in th(! specified regular manner. (5) lln; average shea 
strength must be 2,200 pounds per .sipiare inch,^ and thi 
minimum in any single ca^e 1,800 jtounds per ftjuare inch 
(6) In a similar manner ^our pjore toift B|}qcimcns shalf bi 
made upf and subjected to the ” watcir test ” previousl; 
dcscrilH'd. f7) The averse shear sti^'iigth must lx* 1,500 
pounds per square inch, and* the jpinimum 1,400 pounds per 
squaie inch. (8) Thf casein, aftet certification, must be 
properly stored in a dry sheltered place, such as is required 
for the*storagc o^all glue and casein. • 

Applieation of Cerlifisd Casein Joint Clue. —^Thc spcxiifica- 
tions^regarding tJje lirtxinjj and application of this glue, and 
.the prjjcautionsHo be observed, are embodied in the sections 
describing these processes^for casein glue. 

Relative Merits of I^erent Gluei 

Of the animal glues, only, hide glue is suited toacropteui^ 
evnrk. This irliie noBsesses the otWantaee of bemg inexpen- 
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sive, familiar to moat workmen, comparatively eaay to apply, 
reliable if careful snpervisioa ia exercised, and of high strength. 
It has the great disadvantage, in many classes of work, of 
being difficult to protect from moiature, and of oeing very 
serioifsly affected if ex])ose(l to moisture. Blood-albumen 
glue is more in the nature of a special glue. Its chief disad¬ 
vantage is that skilled workmen and elaborate machinery are • 
required in its use. Unless conditions are very nearly right 
its strength is apt to be uncertain. This glue shares with 
hide glue the disadvantages that are> asweiated with hot 
glues; for the beat results, the gluing shoufd be done in an 
uneoSifortabky warm rcxnn; egre must be taken to warm 
the wood, and to prevent sudden chilling of the glue; because 
of the quick setting qualities of such glues, haste is necessary 
in spreading the glue and in applying pressure to the joint. 
Qn the oth'or hand, blood-albumen glne is strong and very 
resistant' tot diiteriorating conditions. For ctirtain classes 
of work, a^jthe manufacture of plywood, it is eminently satis¬ 
factory. More important than this'glue is casein, bccginsc of , 
its strength, reliability with 'proper care in its mixing and 
applitation, waterproofing qualities, ease of manipulation, and , 
general adajjtability to s 11 classes of work. Some brands, how- 
cve'r, give troubjt; by<too rapid settirg, and usually most casein 
glues must be mixed fresh every three or four hours. The 
development oi this gjpe has been the most important accom¬ 
plishment of all the research work on the subject of glues 
during the past year. Eventually, casein will probably largely 
replacic other glues for general aeroplane conf<i,ruction, and 
even for propyller work. ' 



Al'PENDIX 1 

TESTS ON THIN I'LYWOOl) AS A SUIJSTI'I’LTTE KOI! 

LINEW IN AEROPLANE (CONSTRUCTION 

*. * • 

The' use of thin of wood proiM-rly slued lojwther 

in place of linen, for aeroplant) coverins, has long been con¬ 
sidered as a possibility. Ventier of some spetdes lAa.v he 
cut into largo sheets only , inch thick. When tliree sheets 
of such tliin material are glued together, a covering is obtaim'd, 
whose weight cotnpiir(‘s quite favourably with that of doped 
aeroplane linen, st) tliat there is some reasoi^ f(fr eonsMernig 
wood as a matiTial for covering, although af fijrst thoug|it it 
might seem to be out of jthe question on account ofjts u])|)urcnt 
excess weight. » • , 

In view of the frequent d(!i?iund for information upon the 
properties of thin plywood and its uses in aeroplaiiC con¬ 
struction, teats were hytiakd a4 tl.e EorPsf lYoducts 
Laboratories of the U.!% Forejt Servi'c, !^t Madison, Wis., 
to dotertninc the merits of thin plywood as a covering for 
aeroplane surfaces. While it was possible \rO prepare very 
thin sheets of throe-ply wo6d thjt would be us light us doped 
lineB, a few attempt at gluing si|ch material soon showed 
that the dilficulty of handling the viuieer made the manu¬ 
facture of plywpod of this kind impracticable^ at least m the 
present stage of the plywood industry. A few tests also 
showed tliat ver>’ flifn pi^Avood lacked toughness ami tearing 
strength, and'there seemed to be little hope of using the 
lightest plywood. The t<‘8ts were, therefore, continued on 
somewhat tl^Uker nhtterial, with the surmise that the heavier 
plywood might* possess other properties tHIit would com¬ 
pensate for its excess weight. ^ 

* The r^tive imjfortance of tbe various properties desirc<n!i 
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an aeroplane coverii^ is not established. Each of the 
following properties is, however, of sufficient consequence to 
pmerit consideration; (a) Minimum weight consistent with 
safety; (6) high tensile strength; (c) high toughness, or resist¬ 
ance to blews tending to rupture the covering; (d) high 
tearing strength; (e) high rigidity, or minimum stretch 
under load; (/) maximum stability; (j/) resistanoc to fire. • 
Tests made by many experimenters with the use of a 
variety of chemicals havc! sliown that wood may be impreg¬ 
nated with solutions that render it highly fire-resistant; 
ooitS(tquetitly, no special work,was undertakeSi to treat thin 
plywood for tKis ])urpo8e. , 

Tests were devised to measure the quality of the material 
in .each of the other prup(;rties mentioned above, and the 
results, obtained from more than two thousand such tests, are 
here fctiefly (.on^dered. 

Practically ,allf'tiie mattsrial tested was glued at the Labora¬ 
tory by the ^issue process, in which a slieet of tissue, previously 
soaked in blood-albumen glu(‘ and dHed, is inserted between 
two sheets of thin*-veneer and- then presst'd in a hot press 
to setithe glue. 

Among the species thiii may be cut into very thin veneer 
are Isipanish cedar, mahogany, birciv> sugar maple, red gum, 
yellow poplar, and black walnut. * The veneer of thewj species 
may be satisfactorily glued by the tissue, method- 
Tlmee constructions of thin plyivood were prepared. First, 
a thi'ee-ply construction ^in which \;he grain of the cqntre 
ply was at right angles to the grain of t&e face piiies; second, 
a construction in which a piece of cloth was incorporated 
between two veneer plies having their grains at right angles; 
third, a'construction in w'hich a- i)iece of^eloth Vas glued 
between two plies of veneer, whose grains node an^anglo 
of 00° with each other. 

Weight 

The weighij oi aeroplane lii^m given five coeits of dope at the 
Lab^atory was about O-O ounce^per square foot, while the 
minimum weight of throe-p|y 8pani^ cedar mode of T},r-in6h< 
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veneer was about 1 ounce per square foot. Thm plywood 
constructions that were considered satisfactory from the 
point of view of facility of manufacture, and with respect to 
strength and toughness, weighed slightly more than 2 ouiiees 
per square fodt. In constructions of this kind a sln^ct of 
cotton clolh was glued between two sheets of this veneer, the 
^thickness of the vemsjr used being about inch for low- 
density species, such as basswood, Spanish cedar, and yellow 
poplar. For hfgh-density species, such as birch, beech 
and sugar maple,'*a ’«eneer thickness of atout inch gifes 
a plywood weight of from 2 t(i 2-!i ounces per square foot. 
A large part of the weight of J;hin plywood lies ia the gUe. 

Tensile Strength 

Strips one inch wide were tesUid in tension, their ends being 
held between Ihit grips, in an ordinary Olsen bjfitiAg nuwMne, 
calibrated to read to one pound. Tn the caSe />f thrc(‘-j)ly 
wood, tension tests were made, both in the direction of (ho 
face gsain and in the dwition of the core grain, dn two-pjy 
construction, where, the plies wire glued sf»»that the grain of 
one face was at right angles to the grain of the other iaue, 
the tests were made parallel to the direct on of tli8 grain of 
each face. In two-ply construction, wheje there was on ailgle 
of (K)'’ beWcen the directionS of grain in the face plies, the 
plywood was testwl in the two directions biser^uig the’angles 
between the grains of the fa(»!S. ^ 

A t»vo-ply construction fei which %• grain of one ply makes 
90“ with the •grain •'ave the same 

fenailn Strength in the direiition of the grain of each face, which 
is practically equal to that of the single ply of veneer. The 
tensile stre^th of.Mifth >«iecr is about 20,000 pounds per 
^uaie^ch at 8 per cent, moisture. From this it is 8(!en 
that the strength of a straight-grained ply^ inch thick 
^should be about,250 pxjuntis per inch of width' whwh sp more 
than three tuncs»as great as th^ strength reifuirements^ of 
-Grade A aeroplane linen. The two-ply, 90“ coustruej^on 
deseribed gave entirely sat/sfactory tensile strength. The 
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two-ply, 60” construction gave relatively low tensile strength. 

It was stronger in the direction of the grain of the veneer 
than in the direction in which the tests were made. ^ 

Toughness 

In addition to being strong in resisting a tensile load slowly^, 
applusl, aeroplane covering must also offer resistance to 
sudden blows, such as would result from str/iking brush on 
lai^ding, or droppkrg tools while assemWinj^ or repairing the 
machine. The method used by the Laboratory for measuring 
the ^ughness of thin plywood sheets is as follows: A 
cast-iron ball weighing 3-27 pounds is dropped ujxrn the 
centre, of the test sirecimen, which is tacked upon a frame 
1^ inches square inside. The ball is dropped upon the wntro 
of tlv> panql from various heights, beginning with a J-inch 
(h’op, anti inc(fia8ing by J-inch increments. I’he height of 
the droj) at which the ball passed through the ])ancl was 
recorded as^the measure of toughnees. 

*The tests shorved conclusif'cly that very thin three-ply 
W 004 ., such as that made of Spanish cedar veneer inch 
thick, is low in toughness, and for that reason is not satis- 
faCitory as a substitute for lineit! ^ In order to improve the 
toughness of thin plywood ifiadorof veneer thinner than about 
inch, it was found necessary to incorporate a cloth fabric 
between the plies. Aeroplane cTitton, Grade A, proved to 
be very satisfactory for^tMis purpsse. 

Tearing Strength 

When ruptured in flight by a projecdilc, an aeropauie cuveruig 
may develop a serious tear, espciMallt Vn,thc slip stream of 
the propeller, where it is subjected to the rapid succe^wion of, 
air pulsations. It was thought that such repeated stresses 
could be simulated by the whipping actirn of a special, 
apparatus. 'The test sh^ts were fastened in a wooden 
fr^me. A hole through the^q>ecimen admitted a cam' 
'^mounted on a motor shaft operating kt 1,800 r.p.m.,'th9 
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weight of the frame and eheet under test being supported 
by the cam. The throw of the cam causodkthe frame to 
vibrate or, shake in its guide, so that the cam tore a gap '* 
in the plywotyl. The time to tear a gap one inch lon^ was 
taken as, the basis of com]>ari8uii of the relative. Waring 
resistance of the mati^rial. 

The very thinnest thre<!-ply wood inadeof , !j,-inch veneer 
was unsatisfactory in tearing resistance.. Thicker material, 
even without cot^ou fabric, nia<ie of venaer such as A-inch 
basswood or g'j-^neh lurch, proved to i>e much more resistant 
to tearing than doiH^d linen. The addition of .a cloth fabric 
further increased the tearing r(sustan(M>. 


Rigidity 

In order .to retain the desired tliw)re.tic.11 aerofoil, tie 
covering of an aeroplane wing or tail surface must be rigid— 
that is, it must atrebJi vgmparatively little upon fce applica- 
' tion df a distributi'd loffd, such^as the air pressure. • 

Rigidity was measured at the Laboratory by the magnitude 
’ of the load at a given deflection, as deL-rmimsl by,the sand¬ 
load test. The sand is refined by*the frame and leveUed 
off on the surface. The Xeljpctism at tlfe eextre of the sheet 
was meaiSurod at each load, and later ptnt^ against the 
corresponding load in ponntls per squaae foot of surface. 

The results show whj^,t a marked difference in rigidity 
exist* between the dpped linen and thin plywood of satis¬ 
factory construction. The superiority of the thin plywood 
over the linen catends over the entire range of loads ustd 
(up to 70 pounds ner souare. foot), but is most magked for 
the lower loads. > 

Stability 

Aeroplane pdverin^* which be^mes loose or tibnormnlly 
tight, or dcvclopsVaves with changing atmosphorif humidities, 
is quite unsatisfactory. Such changes in stretch are 
^eioribed under the term “ lack o^jStability.” 
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Stability determinationH were made upon a variety of thin 
plywood con#.ractionB by placing out of doors the sheets 
tacked upon heavy frames, thereby exposing them to changes 
in huipidity. Stability was measured- in this t^st by changes 
in sag with changing humidity. A .>uuuU weight w^s placed 
upon the centre of a test sheet tacked upon the frame, and 
the dcfietition at the centre of the sheet was measured. The 
' panel was then turned over, and deflection measurements were 
again taken. The^sum of the two deilsstions is spoken of 
as the “ sag.” i 

Thip plywpod, especially' when unprotected, absorbs 
moisture very rapidly, so that there is an appreciable loosening 
and tightening with changing atmospheric, humidity. The 
teats showed the necessity of giving the sheets several coats 
of a good wiyti-rproot finish. Such coatings as aluminum leaf, 

' bMVtes enamelland spar varnish were tried. Their effective- 
ness in keeping out moisture was in the order in which they 
are named.', e' 

Numerous testa Jiave shown that for a three-ply constniction 
the shrinkage from the soaked to tlu! oven-dry condition is 
somewhat^greater than 0-5 per cent, across the grain of the 
facei, and somewhat less than 0<5 per cent, parallel to the 

* t 

grain of the foeds. " « 

Thin Spanish cedar plywood, covered with two coats of 
barytes enamel and onb coat of spar varnish, changed moisture 
content only about 4 per''cent, upon exposure to almost 
100 per cent, relative humidity for a'continuous peribd of 
four days. Similar material protected with an alupinium 
leaf coating absorbed less than 1 per cent; moisture in the 
same period. Unprotected plywood is, however, n()t as stable 
as doped aeroi»lane linen. 

Conchuions 

The tests indicate that^ while plywood Sheets may be». 
maae that will compare favourably in weight with doped 
'Tmon. they cannot be manufact’ired on,a commercial scale, 
in the present state of the plywood industry; and, furthonnord? 
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that suoh very thin lihotita are unnatittfiuitory in toughness, 
tearing strength, and stability. • ^ 

The m^st proimsing material consists *if two i)lie8 of about, 
low-density veneer, such as yellow popbu', or jo-inch 
high-dei^ly veneer, sueh as birc^h, glued with the gtain of 
one ply at right angles to tlm grain of the other ply, and having 
a sherit of cotton cloth incorporated between the |.>lies. Such 
material weighs almost '2-!> tinms as mueli as dojasd aeroplane, 
linen, and somewhat inonf than this when eoaUsl with various 
finishes. Wliile th<> weight of thin plywood ()f this knftl is 
considerably greatiir than tlwit of do])ed linen, its tensile 
strength is more than thuee times as gr(iat«as the'tensile 
strength of linen. It is far more rigid t;^an linen, and has 
greater resistan<!e in tearing. Two-ply wood, how'ever, 
requires a framework or ribbing to hold it in place to best 
advantage, and to prevent the formation o{ silallow 'waves 
ThcKifore, 'in cases where large, surfaces aA> to hi' covered 
without supporting framework, a standard thf^'i'-ply wood 
may'be more desirablia 



AIM’KNDIX IJ 
SEWN PLYWOOD 

This plywood diilcrB from every other ^lajierial of the kind 
in that the component layers, after beirife eemented together, 
are actually sewn through with rows of parallel stitching 
The mere crossing of the graiiC, as in ordinary plywood, 
renders the mateiial very strong, but the rows of stitching 
gfve to sewn plywood a sujKir-added strength and stability 
which make it much the strongest and the lightest material 
y»t evolved. * , 

Por over twenty years this principle has biHin utilisixl by 
Saunders of Cowes in the constructioD of boats of all descrip- 
tifins. Pacing motor boats (^e fasWst in the world, Whieh 
still hold all speed records), service boats and launches for the 
Royal Nayy, Coastguard patrol boats for the Egyptian Govern¬ 
ment, gondolas for airships, and {mils for flying boats, have 
been built of thit seiAi plywaod, have never failed to give 
perfect satisfatjtion. Recently it has been used itith great, 
success in aircraft (xinstruction—a use which is steadily 
growing. For aircraft and ^Kiats’o^, all kinds, for internal or 
external panelling, for all kinds of dongistic articles, anil for 
many purposes in connection with rolling stock, sewn plywood 
possesses marked advantages over any otherimaterial. 

On a, test of motor-car bodies which were 8nb;^ected to a 
temperature of 120° C. for 8 hours, there r.’as no shrinkage, 
distortion, or sign of defect at all. Even suoli articles lis suit. 
cases can be made on mahogany “Cpnsuta” with satisfactory 
results,’despite the large ai^ount of ,.ill-'usagc "tfi which they, 
arc>subjected. 

,i^_Jlfter many years of experiment it has now been found 
possible to produce this “ s^ym ” plyvyood by special machinery,* 
84 < 
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and the name “Consuta” has been n'giHtered to dencribe it. 
“Consuta” plywood is being turned out on^a eommcreinl 
Bo^e, an(^, as it is^ndnubtedly strongcir than any other known * 
material of equal weight, its uses are praetieally limitless. 

It is npw being produced in sheets 8 feet wide up to (5(1 feet 
long, and in thicknesses from j, inch up to J inch. Owing 



’ Fhi. 17.—“Cossiita” I’lvwodu. * 


to this width stJnJard launches can be produced with five 
piecesionly. I’he flOJoot long, 7 feet G inches wide, sides 
of “Valencia” flying bpat hulls arc* each ip one piece. In 
consequence .df the 'snjooth exterior these boats lire five 
knots faster than’the F. 2. A. type. Another special advartiige 
is that the laminsa arc specially laid in the din'ction ..'>as^ 
’suitable for the partiqi^lqr purpot^* for which it is interxled. 
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For instance;, for the side of a boat, the fuselage of aircraft, 
or the cover^ of a wirig, the grain would be laid in 
reverse diagonals, giving a girder type of construction which 
contrijjutes largely to the stnmgth and stability of the hnished 
article. A further point is that the sheets can be made to any 
defflinsl size or shaiie, thus preventing any waste in conversion. 
■■ Oonsuttv ” plywood is practically impervious to all atmo- 
s]>heric conditions. The lamina! an; cemontc^ together by a 
wa|«rpr(a>f substanA(!, and are then sewn thr9ugh by machines 
IKioially constructed for the work with thread specially 
manufactured.. The stitches run lengthwise of the material, 
and the rows are spaced IJ- inches apart, os shown in Fig. 17. 
If the face side «V the material is required to be perfectly 
smooth, the stitches are countersunk by a special device, and, 
when, painted or varnished, an absolutely smooth surface is 
{Stodneed: whe6 thoroughly filled and coated with either paint 
or ^hrni8h it'becomcs absolutely waterproof in every sense of 
the word. <The pores of the wood are closed, and so coated 
thht moisture cannot possibly, reach tlie bare wood, anh the 
possibility of trouble through expansion or contraction is 
[iraetically eliminated. 



